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Am pe: ſwaged there are none, though but mean Artiſts that 

wil! queſtion the worth of the Art of Gunnery, being foun= 23 

ded upon the tiuo principal Pillars of the Mathematicks, «© * M 

viz, Arithmetick and Geometry, For by this Art, ns 

good Art iſts, the Artillery hath gained Battels, Towns, Calles, *  _ 
Cittadels and Forts ; yea, the ſtrong Trenches of a ſtroug Arm . oY 

forced, opened and ſtor med by the weaker Army, to the ruin of Thi Bars * 
the Ir treuchæũ Forces; which was ſeen at the Battel of Lut a 


| 72 8 7 Ten, tel was at 
where the Serene and Potent Guſtavus Adoltus King of Swee Lutzen in 


ply their Ordnance, that the Swedes Army flormed the Imperi- 1631. 
* alifts in the moſt ſecure Trenches that could be made, and f, 
flronger Army within than thoſe without; and only by che 


Garriſon, or Army, aud Annmoyance of the Enemy, as upen auy © _ 


tions, in giving Powder, not having regard at all to the Weight ] 
of the Peece ; further, as for the Lraught of the Ordnance, = , 
likewi/e what is uſeſul to a Gunner either by Sea or Lands; 
I hereby I am perſwaded, any that will take notice of the uſe Kt 
of the Quaarant and Ouadrat, aud Obſervations thereon, 
will find as Artificial Recreations in this little Piece, as in 
ary hath been written hitherto on this Subject. 
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Ie is viſſble the great harmbat mb by breaki 
in firing, is the Ignorance of tht'Gunners, and the great al- 
lowance of Poder; for if a True-Fortified Peece of Ordnance 
ſhall baue to ꝙ i Ball y t of Powder ; the Queſtion is, What 


ought to be given to a Reinfort'd Peocs ſbooting the ſame Ball? 


This and other ſuch Buſineſſes moved me to write, that thereby 
Gunners might be more circumſpect. Tg | 

- T have not done this, that thereby I may add any thing tothe 

. Artificial Gunner, but that the younger Brethren may, by reading 
and obſerving what is here made plain, learn to do their Duty. 


"- 


any critical obſtinate Maligner of the Art, I ſhall take no more 


© moticeof him, but deſire be may amend himſelf ams ibis alſo; 


ME * the Praiſe of bis Country-Man Capt. Thomas Binning. 
N ; . * ; FEA 5 : 


Neverthels/s conclude as thou Pee, and conſider the good '* 


will of 


£ 
6 - 1 


Friend, T. B. 
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„ Nto this little Book I plainly ſee 
I Javeations rare, with Art of Gunnery, 
_ + Grounded upon two Pillars that muſt ſtand, 


ow __-* While God and Nature Earth and Sea command; 


Ar thmetick, Geometry, with new Inventions, ; | 
I/ King and Countries Good, being thy Intentions ; 
= Therefore Minerva claims Ingine and Wit, - 


And Mighty Mars does own this Subject fit. 
* Seeing from our Country-Man it doth redound, 


(Whoſe Country hath becn formerly renown'd) 
- Let us not keep from him deſerved Bays, 
Which Strangers would afford as his the praiſe, 
Becauſe he hath given a Light to Gunnery ; 
Not craving therefore Gold or other fee. 
I do conclude, the like hath not been Wrot 
In any Language till now by Scot, | ” 
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” INTRODUCTION 


TO TH E 


| GUNNER + 


For his better Underſtandin g. 


Here are many who do intrude, and alſo that 
have obtained the preferment to be Gunners, 
either of Gariſons or Ships, who never un- 


I may ſay) in the Gunners A, B, M © 

I ſpeak not this to diſcourage any from 
ingaging in the Employment of a Gunner; But I am ſure, 
except he be qualified with the Principles and Ground=- 
Rules of Gunnery, he cannot be worthy of the place, - _ 
And yet there is more than Art or Action to be obtained - 
ere they begin: For which cauſe I will here begin with 
thoſe Qualifications, that a Man profeſſing and dignified 


with the truſt of a Gunner's place, ought to have. 8 
1. That he be one that fearcth God more than his Enemy. 
2. That he be educated, and expert in his Profeſſion: 

for Experience confirmeth, ſome ſay, teacheth Art. | 
3. That he be Conſtant, and not given to Change. 5 
4. That he be Faithſul, True, and Honeſt. 3 
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What a Gunner ought . the Charge 


is committed, and what. he ought to know. 


As it is neceſſary in all Fortified Places, as well in time of 
Peace as of War, to have able practiſed Gunners, who are able 
to give an account with Reaſon, of the things belonging to 
their Charge, and that they be ſuch as fear God more than 
their Enemy; they ought to be honeſt, and not given to 
change, as aſore is ſai iti! —— 
The Gunner ought, beſides his true ſhooting, to be learned 
in Arithmetick and Geometry, which will cauſe him to give 
Advice where a Strength may be moſt conveniently battered, 
and what Ordnance is moſt fitting to accomplith the ſame. 

Alſoheought togive Directions tothe Engineer, what form 
of Batteries is moſt conveniert at ſuch and ſuch places: Like- 
wiſe that by his Art he give Directions that a Storm be made, 
where his Party may have the leaſt harm by his playing with 
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__ Ordnance upon the places where danger is to be feared? like- 


wiſcifin a Beleaguered Place, the Gunner is to defehd the ſame 
_ againſt Oppoſition of the Enemy, and to order ſo, as by the 
athſtance of the Ordnance, and by what other means he can, 
to oppoſe and deſtroy the Fnemy for Defence of the Place. 
But before all things, and before the Army approach tothe 
Place, to which the Prince, General, or other Officer who. 


commands in chief, do intend to beleaguer or take; It is ne- 


- _cellary that the experienced Gunner be one to go before, and 
view the Place, with the Grounds thereby; the which to do, 
\ 18 beſt in the breaking of the day in the morning, to know if 
the Walls 'be ſtrong or weak, and how and by what means 
they may be brought down; as likewiſe to find if that Fort or 
Gariſon be ſo Fortified, as to annoy the Ground, or what 
part thereof is moſt ſecure for the Army to lay down Leaguer 
and what Ground is beſt to annoy the Kaen moſt in the Ga- 
riſon, and alſo what place of the Walls thereof is beſt to 
Batter and Storm, and which way moſt ſecure to bring the 
Sealing Ladders to ſet up; and to know if there be any 
Mount, Steeple, or high Building within that is Fortified, to 
overlook the Leaguer; for by ſuch means great harm may 
. occur, (or near the * the Enemy may over- 
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look and relieve the Befieged, and ſo cauſe the Leaguer to riſcy 
except the Ordnance es . aguer e Jorg preſently to 
diſorder and deface the ſame, that after the Leaguer is intren- 
ched, it may be defended by Ordnance, c. Then he mult, 
know if the Ground be diggable, and on what fide of the 

Leaguer the Proviant may 2 beſt and moſt ſecurely brought 
in, and what freſh Water is there- about tor their relief within 
command of the Leaguer- place: So when it is known where, 
on what end ot the place or fide the Great Ordnance muſt be 
placed, and lie ſrom or in the Leaguer, then muſt the Bat- 
teries be drawn out and meaſured; and becauſe it is hazar- 
dous to work on a Plain, to break Ground betore an Enemy, 
but there muſt Blinds be raiſed, ſome muſt be where you are 
not to work, as well as where you intend to build your Bat- 
teries: But if you be on ſuch Ground where you muſt begin 
your Approach at a diſtance, then you muſt know at what 
diſtance you may with conveniency break Ground to run your 
"Trenches for Approach; and as it is certain the Point- Blank 
Diſtance of a Peece of Ordnance is 220, 230, 240, 2.50 
Geometrical Paces, which is alſo the diſtance of a Maſquet= 
ſhot; Therefore the knowing Gunner onght togive the Work= 
men order, it there be no otner Engineer for the Effect; and 
in this regard the Gunner ought to be acquainted in Survey = 
ing for this, as well as for his Batteries and Ordnance placing: 
For if one would begin an Approach, then he muſt chuſeour | 
ſo many Souldiers uled to Work, as may be able to defend 
themſelves and reſiſt a Sally, if any be: Not neglecting to 
have Parties both of Horſe and Foot about the Ground to de- 
fend them; in regard they are to carry, beſides their ordinar 
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Arms, Shovels, Pickaxes, Gavelocks, Crows, and what is 
neceſſary for their Work. At the place commanded to break 
Ground, it is fitting to caſt up a Redoubt ortwo, from whence 
the Trenches are to begin; and run the Approaches, that if 
any ſuddain Aſſault come, the Workmen may retire thereto 
and defend themſelves, and work till they have aſſiſtance: for 
if the Workmen had no place ol preſent Retreat, they would be 
| forced to run aud leave their Work, Tools, and Arms to the 
Enemy. To this purpoſe it is to obſerved, That the ex- 
pert Gunner, or Engineer, who is employed in this Work, is 
ro uſe all che Art, Skill, and Experience they have, to op 
2 cir 
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their Lines in ſuch ſort, that thoſe which are in the Trenches 
and Approaches may not be giſcovered and ſcen by the E- 
— Eoin with ſafety and expedition they may approach 
near the place, or part of the Fortreſs, which the General 
deſires to become Maſter of. get 
For now in our Modern Fortifications, there are but two 
darts in a Town, or Fortreſs, of which one mutt be battered 
if they mind to take it in; and theſe are either a Bulwork 
or Curtain, 85 5 | 
When the General or Commander of the Field, by advice 
of the Council of War, hath reſolved cither to batter a 
Bulwork or Curtain, the Gunner or Engineer being preſent at 
the breaking of Ground, is to ſhew and in form the Workmen 
how they are to run their Line, and, as the occaſion preſents, 
of divers lengths; for they muſt be turned at every juſt occaſi- 
on, which is moſt neceſſary. When the Line is laid out and 
marked, the Workmen muſt be divided and placed in order, 
that one may not hinder another: Then to give to every 
Workman the length of 4, 5, or 6 foot, and then begin they 
to haſten into the d, for to avoid the danger which they 
are expoſed to, while they ſtand upon the Earth; Therefore 
the Earth whichthey dig, they caſt up before them, and as faſt 
as can be make a Hole like a Grave; fo when they have dig- 
ged three foot in the Ground, and three foot broad, then ſure 
they arecovered, ſince from their Baſis to the top of the Caſt- 
up- Work there are ſix foot: When they are under Covert, 
then they enlarge and deepen the Approaches as they are or- 
dered : Obſerve, they need not be ſo deep at the begiani ig 
as near to the Fortreſs; ſometimesthe Trenches muſt be made 
ſo broad, as that the Canons and Wagons of Proviſion muſt 
be drawn to the Batteries or Galleries. Theſe Works are or- 
dinarily begun in the Night, ſo when the Night is gone, there 
are freſh Men ſent to relieve the firſt, and enlarge the Night- 
work, and amend what they could not ſee wrong. Atter 
this Nights Work, or the ſame, there are Corps of Guard 
made to contain Souldiers for a Main Guard, which Work 
ought to be with a Line of Communication with the Tren- 
ches, though they be at a diſtance, viz. four or five paces di- 
ftance. When one Line is finiſhed as aboveſaid, and that it 
muſt be run no further that way, the Gunner or Engineer 
Po turas 
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turns it another way, bearing it from the Town or Fort, 
and placing the Workmęn as alore ſaid, and fo continuing by 
Turnings and Windings, till he hath got ſomething near the 
Place or Fort beſieged, and making good the Line continu- 


WW. ally with Corps of Guards and Batteries, until they be at 
the brim or fide of the Moat or Ditch of the Fort; Then 


is the Gunner or Engineer fo to order his Buſineſs, as to begin 
a Sape or Gallery, or Mine under the Ground, directing his 
Courſe by his Compaſs: as if Impediment of Rocks happen 
to ſtop his Courſe intended; he may make ſuch Lines and 
Angles about the ſame, as may bring him to his direct Line 
again; no reſemblance to it, but a Mariners Traverſe by 
croſs Winds at Sea. | | 


But for the effectuating of a Mine, there maſt be proviſi- - 
on made of divers things neceſſary thereunto; as Shovels, 


Spades, 8 and all kind ot Maſon- Tools, with all 
things requiſite to pierce a Wall, wherewith the Rampicr 
is made: Then one prepares Props to ſupport and bear up 
the Mine from falling or ſwking, being thick and long, as 
is requiſite; Likewiſe you muſt have ſtore of Fir-Planks to 
line the Mine within that it may not tall down, for it muſt 
all be lined if the Ground be fruſh or brittle. 7 
. Before you begin to make a Mine, it will be requiſite you 


know the Ground of the Place, whether it be vaulted or not, 


or on what the Foundation thereot is laid: The Miners be- 

ing to break into a Wall, are to carry their Mines as cloſe and 
ſecret as may be, that the Beſieged may not hear any naſe, 
or get any notice where the Mine is made, and how it runs; 
ſor it they do, queſtionleſs they will make a Contra-Mine 
or. Traverſe above Ground, to diſcover and ſpoil your Mine 
begun; ſo that tailing, you cannot force the Beſieged that way, 
except you begin a new Mine in another place. 

The Maſter-Gunner or Engineer that conducts a Mine, 
_ ought to be a Man of good Experience, leſt he miſcarry in 


his Traverſe; for which cauſe, he ought to be well acquain- 


ted with the Mariners Compals, and alſo with the Variation 

thereof; for if there be a Mineral of Iron - Ore in that Ground, 

it is like the Compals will vary, and ſo miſcarry the Mine: 

Fe ought alſo, for his Lines of I raverſe, to be acquai 1 
| | | wit 
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with the, Line of Chords, or Plain-Scale; otherways with 
the uſe of the Protractor, for directing his Courſe and Tra- 
verſe in the Mine, that he miſtake not himſelf either in his 


Courſe or Diſtance, Altitude or Profunditude, according to 


the Ground he works in, and the Foundation of the Rampart. 


When the Mine is brought to the entry of the place where the 
Chamber muſt be: Sometimes order may be given to blow - 
the Rubbiſh into the Fort beſieged, or it may be out, into the 
Moat or Ditch; either which may be done by making the fide 
thinner, which they world break to, than the other: And 
our Experience is ſufficient proof ot this, either in Cannon 
or Muſquet; for if you load a Peece of Ordnance, that there 
be a greater weight put after the Powder than in reaſon, 
give fire to the Touch-hole, and you will find that Peece 
fly out either at Side or Brecch. = 1 
The proportion of Chambers are various as the Wall or 
Rampart which they are to deface, therefore can have no di- 
menſion, but they muſt be made ſo large as to contain Powder 
ſufficient. Some would preſcribe Rules for a Barrel of Powder 
to blow up a Rod of Earth; but the Earth being of various 
Ponderofity, and ſome ſo much ſtronger bound than others, 
that I ſuppoſe they muſt uſe rather more than leſs Powder; 


yet the Chamber would not be made larger than to contain 
the quantity of Powder ordained to open that Breach. 


When an Enemy hath beſieged a Place, Ciradel, Fort, Ca- 
ſtle, or other Fortification, and hath approached to Batteries; 
certainly it behoves the Beſieged to look about them, and to 
do their utmoſt endeavour to hinder the Enemy. The De- 
tence againſt theſe Approaches is, to ſtrive to make ſome 


out, but withal, to ſally out with diſcretion, tor fear of lo- 


ſing Men, which is to be expected; (but no Dondaſs for Go- 


vernour, who would neither permit ſally, nor great Gun or 


Muſquet to be fired againſt the Enemy :) by which fallying, 
the leaſt Offence you do the Enemy is to hinder the pro- 
greſs of their Approaches; for it they be beat back, and. 


_ conftrained to fly into their Works, tor ſo long as the Alarm 
endureth, they cannot advance their Work, nor begin again 
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An Introduction to the Cunner.* 


_ Likewiſe this Manner of Defence may be made by Cannon, 

which may play from all places upon the Workers of the Ap- 
proaches, to do them what harm e eee may put 
the Workmen in tear, by ſeeing their Fellows miſerably ſlain 
by the Cannon, Which may be a means to make them leave 
working till there be Batteries made againſt the Beſieged. 

The Contre-Approaches, by which you reſiſt an Enemy, 
that they may not become Maſters of your Outworks, or 
Contre-ſcarf, with their Approaches; Theſe Contre-Ap- 
proaches, to hinder the Enemy in their approach, are made 
by caſting up ſome Traverſes, and rutning them fo, as to find 
the Enemies Mines; Theſe Lines of this Traverſe muſt be 
caſt up toward the Enemy, but left open to the Beſieged, 
or Gariſon, becauſe by them they muſt be deſended: This 

Traverſe muſt be ſo made, that it give no advantage to the 
Enemy it they take them in; and be ſure they may be flan- 
ked both wit Cannon and Muſquet from the Fort or Gariſon. 

So that as there is an Offenſive War, there is alſo a De- 
fenſive War, as doth appear by Mines; for the Eeſieged 
having diſcovered them, and got into them, may lawfully  _ 

| Kill the Miners: Now when the Beſieged have found the al 
_ Mieout, it is to be known how they may make the way clear 
before them, and either kill the Miners, or make them fly, 
without having the leaſt harm. 8 

For the Gunners further Knowledge, that is yet in his Mi- 
nority, this Work is begun with Decimal Arithmetick, which 
is very uſeful in the Art of Gunnery, the Working and Ex- 
tracting of the Square and Cube Roots; as alſo ſome Defini- 
tions and Problems of Geometry: by which the Gunner 
may the better make uſe of his Compaſſes, for which he 
will have ſcveral need ful uſes; for the whole Matter, I know 

little in this Book that _ be wanting in a Gunner, that 
may be called a ſufficient Gunner. In fine know, that I 
ſhall be glad that every Gunner may profit by it, and I wiſh 
that ſome may amend it. However know, that I intend 
this for your profit and the publick Good; Committing 


7 


the Book to thee, and thee to God Almighty. 


I remain Yours, Gc. 
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Definitions. 


ERS Fraction or broken Number, is a Number leſs 
Carli than an Unite, or One; and according to the 
common way of Fractions, is expreſſed by 
two Numbers ſet one over the other with a 
ſmall line, thus, +; the upper Number is 


called the Numerator, and the lower the 
Denominator. 


The Denominator ſheweth into how many parts the U- 
nite or Whole of any thing is to be divided. „ 
Ihe Numerator ſheweth how many of theſe parts are 
ſignified by the Fraction. 
| ADeccimal Number is that which is expreſſed by an Unite, 
with, a Cipher, or Ciphers, as 10: 100: 1000: 10000: 
100000 : Ec, | | 
A Decimal Fraction is that whoſe Denominator is a Deci- 

mal Number, as 18: 13: 1888: 73343: 155500: £56 

. Decimal Fractions, whether they ſtand alone, or be joined 
_ with Integers, have Plays a Comma, or a {mall Rectangular 

Line before them, to diſtinguiſh them from Integers, which 
is 1 called a Separating Line, as ,4, „36, , 348, 4,2, 
490,086, esc. | 

As in Integers the Value or Denomination of Places do in- 
creaſe by Tens, from the Unite place towards the left hand: 
So in Decimals the Value or 3 of places do de- 
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In Decinial Fradtons, the Nuiirators's arc hats y ſet -—"Y 
withent the Denominators; but the Denominators are cafily 
known, for they are the ſame with the Denomination of the 
1 laſt Fi 2 255 of the Numerator. As in the * * 
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= - 7 61 18 The. common way - 13. 
= N Tenths. Denominstor-9 


erer two. Numerator. 


L | [2 w_ | 'The common way 182 
= - (Hundredths. Denominator. 55 
4 * 85 Three Hundred ſixty four. Numerator, The 
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Addition and Subduction in Decimals. 


A Ddition and Subduction in Decimals, whether in pure 
A -Pecimals, or in Integers mixt with Decimals, differ 
not from Addition and Subduction in Integers, only care muſt 
be had to place the ſeparating Lines of the Numbers under 
one another; as alſo the places of like denomination under 


one another; and the ſeparating Lines of the Sum or Diſſe- 
rence, muſt be placed under the ſeparating Lines of the 


Numbers added, or ſubdued. See the Examples, : 
1 Examplesin Addition, | 
2347 I 9 | 346,98 -; 5 | "3 
he 8 | 5643 | » bo? 770 8 | 
5149 . 8 2 72 1 
Sr 79 e 
1704 S ͤ 
ID 371302 


428,984 


In Addition and Subduction, let the place of the Fraction 


remain ſo many places as they were, and no more. 


- 


Addition. | | Subducbion. 


3 %% 178,25 
mm 235,75 
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_ Multi ax whether 
mixt wit 


cation in Integers: 
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multiplied together, are called 


Fustora 3 end the Number found out by Niultiplica- 


in pure. Decimals, or in Integers 
Decimals, is the ſame ia Operation with Multipli- 
Tbe laſt Numbers of the Factors muſt be 


ſet one undet tha other, as if they were Integers, not regar- 


ding the placing of the ſeparating Lines under one anot 


ani 


** 


as there are places of I 
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55 
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\: And from the Product mult 
Line ſo many aſ the laſt Figures; 
imals in both the Factors. 


| Examples. - 


i 3 ee in the Produ than there arc places of 
N in both Factors (which m may often occur when the 
Product is a Fraction) in ſuc 3 many places as are 
wanting, ſo many Ci phers muſt k pr 8 ed to the Product on 


the left hand thereot, and then a ſeparating Line m oe ; 
prefixe-t0' ben rhe Fedde * 68 Nei zimal,” 
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1 ; E ng 85885 
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In Multiplication with Eractions, cut off ſo many aces. „ 
- _ are Figures of the * the e a: i 
ultiplier, W 


Examples, n N 


s - * 
— — an—_——— ; 


2202435 1 : 
21961 


12820 of 43 ig 


7 
. a of 

" , J 

— — — * J. 1. 0 * «+ 42 

1 ol 

das 7 i&-* * * 2 
0 4. a G WM . : = 
N 8 5 a : % * \ n 1 

« * 
* 
® 
— 


2 


2 
wa 


in Inte 


If 347 is to be divided by 0,000462, they muſt ſtand thus; 


will be thouſands of Integers. 
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 I'\Nlvifion, whether in pure Decimals, or Integers mint 


LF with Decimals, is the ſame in Operation wich Diviſion 
fit! But care muſt be had to give a true denomination 
Figure of the Quotient ; (according to this Rule.) 


2 8 
- 5 * * I ö » 
rug P 7 5 
* E ö - . 4 
4 Fd 5 „ 
* 4 d . 
4 ; 


The firſt Figure of the Qyotient is always of the ſame de- 
nomination with that Ro of the Dividend, which ſtands, 
or is ſuppoſed to ftand over the Unite of the Diviſor. 


It will happen ſometimes, that the Unite place of the Divi- 


to the 


* 


ſor will ſtand beyond all the ſignificant Figures of the Divi- | 
dend, towards the right hand, or towards the left. In this 
_ caſe you muſt put Ciphers tothe right or left of the Dividend, 
until you come over the Unite place of the Diviſor. | 


4s for Example. e 


z, „ 
And the denomination of the firſt Figure of the Quotient 


| Another Example. 


If 34 is tobedivided by 642,79, they muſt ſtand thus; 
642,79) 34,0000 ( | 


And the denomination of the firſt F igure of the Quotient 


will be hundreds of Decimals. 
Note, That what Ciphers are added to the right hand of 


the Dividend, immediately next the Integers muſt have a 


ſeparating Line (or a Comma before them 


Se e * 


er aa 


in ingen, the Fradtions being equal, ehe Work is as 
whole Numbers are. 
add ſo many Ci hers to the Dividend; as the 


Tf unequal 
Fradtion of the Diviſor 5 Ri eth the Fraction of che Divi- 
dend in places, that you may find we Fraction i in the 


* 


otient. 
2 | 7M Examples , 
2697 73205 t 3,65 973-25 266; 60 
e N. 
EE b 
Tm 2190 | 
18459 | SIT 
ow - 3s. 
15822 _— . 
ö; - 
Other Examp'os. 
4 * el 18,08 
3275 N 1 3 
| e e ( Becauſe the Fraction is two 
WITT Figures in the Diviſor; 
42200 < Therefore I add two Ciphers | 
— to the Dividend. 
45000 As in this third Example. 
42200 
2800 . . 


11 in Diviſion I be to divide by a out man Figures, I 
may make a Tabie for them | 
| | | Mi 
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\Becauſe the Fraction is three Figures in the Diviſor, there- 
fore I add three Ciphers to the Dividend. As in this laſt 
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Of the Square. Root, e 6 Moves 7 
A "Square Number is that which is made and produced of 


two equal Numbers multiplied together, or elſe of one 
Number multi plied by it ſelf; as 16 is a Square Number, be- 


gu Abb. 


edule. i it is aue. of 4 by 4, (which are Numbers equal, 
or one Number multiplied by ic ſeli) li en 
are three Square N. for they are produ of the 

Multiplication of t ook mbers, or of one Number 
- multiplied by it fel, i, 1-2 J, 5 by 6, and 7 by 7. For 


the Pradudts may eaten by the ar Uaites in 4 Plane, 
of ſuch kind as 1 repreſent the form and figure of a 


ei Plas as 5 7715 bem ien 


It is e by the generation of San, that you may 
make a Square of yl Numbers given, and that you may ex- 
track the Root of all Squares propoſed; and that likewiſe all 


2 propoſed may be tlie ſide of ſome Square or ano- 


There isa Double Root and Double Square, vis. Si 
0g Co The Simple Boot 1 is that which . 


, AS are I, 2, 32. 55 0, 7, f, and 9; the 
95 which are called Simple RH Het be — | 
is BCC AS. an Bo 10, 11, 12, 
22, 30, Sc. the Squares of ſuch are called es. 
And bene you will f Compound Root, . 


know by ag, the nine le Roots ith thei n 
means 7 the following Table. Be 2 


4 Table of the Simple Rows with ther : pas; 
125 K 4 rh * ad 6 
eee 3 4- 9.16. 25-36-49. 64, 87 
Jo extract all Roots or Sides of Com pound Squares. You 


[nel underſtand and 1 W in — memories the fol- 
""”_m Chapter. C | GIA. 


tient, then Multiply 1128 b 


„ m 
1 * ö r 3 
9 n F __ 9 =. 7 nes 
A 2 - 7 * 
* r r : * * 8 
hes * R 
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that Fi e 
third 

ing — from the right hand to the left, marking ſtill 
with a Prick over every third Figure, cl baer other Fi- 


gures unmarked, until you come to the laſt 
che leſt hand. 


23 „ . 
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ent is 112; ſet 112 under 992, and bs ws 
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. | Extrattion of 1 the Square Root i in Decimate, | 
N extraQtin the Root or Side of 2 Componnd Square, 


ou muſt 
Points or Pricks from the right hand to the left, beginning 
with tht firſt Figure towards the right hand, marking over 
one Prick or Point, then ſet another over the 


rit mark the Square Number given, with 


and another over the fifth; and ſo proceed- 


uare towards 


biet find the Simple Root of his Fig EVP A 
Figures that remain towards the left hand, 


72634008 mariply that Root in it ſelf, ſubtract it out 
of the Figures towards the left hand : Then 
draw down the next two Figures to that Re- 
mainder, and ſay 2 times 5 the Quotient is 

10; ſet 10 under 72, and ſee how often it 

may be found in 72. - 6 times; then ſet 


6 under 6, and et 6 alſo in the Quotient; 


then multiply 106 by 6, cometh 6 855 ſab- 


tract it from 726, there remaineth 90: Then 


draw down the next two Figures to that Re- 


mainder, and ſay, 2 times 56 in the Quot- 


oſten it may be found in 902, ſay 8 times; 
then ſet 8 er 4 and ſer 8 alſo in the 5 
cometh 9024, ſubtr 


ſrom 9024 there remaineth ec tg ſo that 568 the Quoti- 
ent e uſt Root of the N Number 52a Mn: 24, ver 
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Square Superficies, and is like unto 
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ie h s Of the Cube Ron. 
A Cube is a Solid Body, com 


. o the Cut 
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Every Number multiplied init ſelf maketh a Square Num- 
ber, of which the Root or Side is the Number multiplied; 
and everydquare e eee ge, nyc IO a Cube Num- 
ber, (by the 20th Definition of the 7th Book of Euclide:) 


As 4 times 4 makes 16, (a Square Number, of which the 


Product giveth 64, a Cube Number, of which the Root is 4. 
being multiplied by its Root 5, the 


Root is 4) the which 16 being multiplicd by the Root 4, the 


Likewiſe 5 times 5 maketh 25, a _ Number, which 


odud giveth 125, a 
Cube Number, of which the Root is 5, and ſo of others. 


And before you can extract the Compound Cube Roots, you 


muſt firſt know the nine Simple-Cube Roots, with their 
_— and Cubes. As _— in the following Table, 
which is divided in three Lines, whereof the firſt (which is 

the uppermoſt) containeth the nine Simple Roots; and the 


ſecond Line (which is the middle Line) containeth the nine 


Squares; and the third Line, which is the loweſt, cotain- 
eth the Cube Numbers. i TT 


A Table of the Simple Roots, with their Squares and Cubes. 
We, Sides. {$58 3 5 68 - 7 .. 8 « 0 


S Squares. I . 4-9 „ 49. 64. 81 


89 


— 


ICabes. 1. 8 . 27. 64. 125. 216. 343. 512. 729 


"1CM AP. VEL. 
Extra&ion of the Cube Root in Decimal g. 


O prepare a Cube Number for Extraction, put a Point 
over the firſt place thereof towards the right hand, (to 
wit, the place of Unitcs;) then puſſing over the ſecond and 
r over the fourth; and paſſing. 
over the and | 


ſixth, put another over the ſeveath, — in 
: =; 5 


* 
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Derima] Arithmitich. 
that order, (to wit, two places being intermitted between 
every two adjacent Points) place as many Points as the Num- 
ber will permit: So 157464 being given, you are to place the 
Points as here followeth ; and ſo many Points as are in that 


manner placed, of ſo many Figures the Root demanded will 


HFaving thus red your Number,| 
you may fee it diſtributed by the Points „ 
into ſeveral Cubes : So in the ſame Ex- 157464 (54 
aan and 464 the] 12 
cond. [77 8 FE 
FNirſt, Find the Simple Cube Root by ee wud 
the preceding Table of 157, which is 55 1 
ſu ctibe the Cube of that Root under . 5 
the firſt Cube of the Number given; ſo —2— 
125 being the Cube of 5 the Root, I 30 
write it under 157 the firſt Cube of the 


Number given; and ſubtract this Cube 
ftom the firſt Cube of the Number pro- __32464 

pounded, placing the remainder orderly] *** 
underneath the Line: So 125 the Cubel 
of 5 beingſubtracted from 1 , the remainderis 32: to the ſaid 
remainder, bring down the next Cube of the Number pro- 
pounded, (to wit, the Figures or Ciphers which ſtand in the 
three next places) placing the ſaid Cube next after, to wit. 
on the right hand of the remainder; ſo the next Cube 464 
being placed aſter the remainder 32, there will be found the 
Number 32454, which may be called the Reſolvend Having 
drawn a Line under the Reſolvend, ſquare the Root in the 
Quotient, that is, multiply it by it ſelt, and ſubſcribe the tri- 
ple of the ſaidSquate or Product, under the Reſolvend, in ſuch 
manner, that the firſt place (to wit, the place of Unites) of 
the ſaid triple Square, may ſtand directlyunder the third place 
(or place of hundreds) in the Reſolvend: So the Square of 
the Root 5 is 25, the Triple whereof is 75, which I ſublcribe 
under the Reſolvend in ſuch manner, that the Figure $5, which 
is in the firſt place, (to wit, the place of Vaites) in the Tri- 


ple Produ@&7 5, may ſtand under 4, which is ſeated in the | 


third place ofthe Reſolvend. Triple the Root or Nnmber in 


the Quotient, and ſubſcribe this Triple Number in ſuch man- 


ner 


73 
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ner that the firſt place thereof, (to wit, the place of Unites) 
may ſtand directly under the ſecond place (to wit, the place 
of Tens) in the Reſolvend : So the triple of the Root 5 is 15, 
which I ſubſcribe in ſuch manner, that the Figure 5, which 
is in the firſt place (to wit, the place of Unites) in the ſaid 
triple Number, doth ſtand directly under 6, which is ſeated 
in the ſecond place of the Reſolvend: The triple Square of 
the Root, and the triple of the Root being placed one under 
the other as is directed, draw a Line underneath, and add 
them together in ſuch order as theyare ſeated, and let the Sum 
be eſteemed as a Diviſor: So the triple Square 75, and the 
triple Number 1, being added together, as they are ranked 
in the Work, the Sum will be 765 for a Diviſor: Let the 
whole Reſolvend, except the firſt place thereot towards the 
right hand, (to wit, the place of Unites) be eſteemed as a 
Dividend ; then demanding how often the firſt Figure (to- 
wards the left hand) of the Diviſor is contained in the corre- 
ſpondent part of the Dividend, and obſerving 1n that behalf 
the Rules before taught in Diviſion, write the Anſwer in the 
Quotient: So I ask how often 7 (the firſt Figure of the Di- 

_ viſor towards the left hand) is contained in 32, (the corre- 
ſpondent part ofthe Dividend placed above) theAnſwer will 
be 4, wherefore I write 4 in the Quotient: Having drawn 
another Line under the Work, multiply the triple Square be- 
fore ſubſcribed by the Figure ſaſt placed in the Quotient, and 
ſubſcribe this Product under the ſaid triple Square, (to wit, 
Unites under Unites, Tens under Tens, Ec.) So 75 being 
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multiplied by 4, the Product is 300, which I ſubſcribe under 


75 (the triple Square). Multiply the Figure laſt placed in the 
orient Reſt by it ſelt, — the Product «: the triple 
Number betore ſubſcribed ; this done, ſubſcribe the laſt Pro- 
duct under the ſaid triple Number, (to wit, Unites under 
Unites, Tens under Tens, Ec.) So 4 being ſquared or multi- 
plied by it ſelf, the Product is 16, which being multiplied by 

the triple Number 1 5, the Pruduct is 240, this therefore I ſub- 

{cribe underthe aforeſaid triple Number 15. Subſcribe the 
Cube of the Figure laſt placed in the Quotient, under the Re- 
ſolvend, in ſuch manner that the firſt place of this Cube, (to 
wit, the place ot Unites) may ſtand under the place of Unites 
in the Reſolvend: So 64 being the Cube of 4, 1 write it * 
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5 the Reſolvend 32464, in ſuch manner, that the Figure 4, 


which is in the place of Uaites in the Cube 64, may ſtand 


under the Figure 4, which is ſeated in the place of Unites of : 


the Reſolvend: Drawing yet another Line under the Work, 
add the three laſt Numbers together in the ſame order as 
they are ſeated, and ſubtract the Sum of them from the 
Reſolvend, placing the Remainder orderly underneath : So 
the Sum of the three laſt Numbers, as they are ranked in the 
Work, is 52464, which it you ſubtract out of the Reſolvend 
32454, the Remainder is o. Thus the whole Work being 
finiſhed, the. Cube Root of 157464, (the Number pro- 
pounded) is found to be 54. 155 
Note 1. When the Sum of the three laſt Numbers before 
mentioned is greater than the Reſolvend, the Work is erro- 


neous, and then you are to reterm it by placing a leſſer 


Figure in the Quotient. | 
Note 2. For every one of the particular Cubes (diſtin- 
guiſhed by the Points) except the firſt Cube on the lett hand, 
a Reſolvend is to be ict apart, by bringing down to the Re- 
mainder the next Cube. And as often as a Reſolvend is (er 
apart, ſo often is a new Diviſor to be found, by adding the 
triple of all the Root in the Quotient (conſiſt ing of what 


number of places ſoever) to the triple of the Square of ſuch - 


Root, after they are orderly placed, according as is above- 
mentioned. | 


Note 55 The Work of the Table of Simple Cubes in Folio 
9, for finding the firſt Figure of the Root, (as before de- 


clared) is but once uſed in the Extraction of the Root of 
any Number whatſoever ; but the Work of all the following 
Rules, is to be uſed for the findivg of every place in the 
Root except the firſt, : 

The practice of theſe three Notes will be ſeen, when we 


_,- deſcribe how to extract the Cube Root of Numbers not Cu- 
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CH Ap. IX. 
Another Example wrought by the Gevitures, 
S a Number given to be 16 387064, of which the 
Cube Root is required: Firſt, Vou muſt cut the Cube 


given into Ternaries trom the right hand to the left, (as was 
declared in Chap. 8.) Then find the Root of the firſt Cube 


„—— 


from the left hand 16. Whereof the greateſt Root is 2, for 2 


being multiplicd cubically, | mar: 8, the which 8 being de- 
ducted from 16, the firſt Cube of the Number propounded, 
there remaineth 8, then ſet the Root found 2, with the 
Square thereof above it, and by the ſame the Geniture, and 


then find a ſecond Figure for the Root of the fecond Cube, 


and you ſhall have 5, which ye ſhall ſet down with its Square 
and Cube under it, right agaiaft the Geniture towards the 


right hand; then multiply each one by another, and add the 


Products together, there cometh 7625, which being ſube 
tracted from 8387, there doth remain 762; In the ſame 
manner find a Root for the Numbers remaining to be ex- 
tracted, and it ſhall be the Root of your third Cube; And 
the Example will ftand thus, 


4——300 — 2 155 


2— 30 — 25 1500 | 1 : 
h I25 | 125 8762 | 064 
— 16 | 387 
7625 — — — 
ee 


25 — 30— 16 | 12000 7 625 26k 
64 64 rr 


762064 


e eee "re e 


And ſeeing there remaineth nothing, it is manifeſt that 
the Number propounded 16387064 is a Cube Number, and 
| h the 


Preh: 2 Gomary.. 


this Rood thereof is, 254. B 4th Propoſition of the. ſe- 
| cond, and 20th Definition 5 * 23 Book of Euclide. - 
When we come to calculate the Table of Cubes, by which 
yon may make an Inch Rule tor height, or of Diameters, 
the way ſhall be deſcribed how to oF, the Cube Root ot 
Numbers not Cubical, or as they arc termed Irrational Num- 
bers, trom which no truc Root can be obtained, yet many 
times LU ads Will not be 15 8 8 6 part of an nite, . 
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try; and beſides that a Gunner cannot. obtain to know the 
truth of a Diameter of a Ball, except he can Geometrically 
extract the Wind of the Bore of the Pecce, ©, andthereby find 
the Ball _ ſuch a Peers: e * be NOR: 


. — is 


) * pizion f 2 ; 7 N. BEES I 
* : „ 7 > 1 l * : , 85 x : 
8 — i 8 x 


1. A Point or Prick, is that wick is 5 leaſt of all Mun 
rials, and it is the begi inning of Things, as being void of 
Leng h, Breadth, and Depth, having neither Part nor Quan- 
tity. exp reſſible in Natal) and therefore it admits of ng 
Divition, but that which i 4 mental only. This Point or Prick 
is repreſented unto you kes the Letter Aa. Thus A. 

2. A Line is a Magnit cextending it lf in leng h, with= 
out breadth or thickneſs, (whether 1t be a ftraight line or 
crooked) and (in reſpeR 300 its 7710 may be divided into 

Parts, but will admit of no other 
As is ſet forth to y 2 the . enn 
| AER . Ds as and 15 5 pee Vs 


this Book, Leere brews the whale Wk Wo” | 


ivifion, but in length only. 
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23. A Right or Straight Line, is the neareſt Diſtance that 
can be betwixt two Points; As is the former Line BW. 
4. Circular or Crooked Lioes are longer, though they be 
e ed no f r than Right Lines, as are the I | | 
S. Right-lined Parallels, t Lines, ſo drawn, 
as they are equi-diſtant in all places one from the other; ſo | 
that although they were infinitely extended, yet could they 
ve ver mect 5 as may be ſeen by the Lines HI and Kl. 
«by JC. 9 5 


5 55 le drawn either within or | 


* > 5 


another Circle, upon one and the ſame Centre, as is. 


both d 
rallel one to another. 


” * 57. A 9 rhices . 1 Ka of 
are aer e two Dimenſions, Length an 
Thickneſi, for a Superficics is che term or end of a 


2 7 is the ONS) derm | 


* of Dm: 


* by the two Circles, vis. NOPQ and RSTY, being 
wn upon the lame Rar PAK, 2 ee are del 
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8. The 18 of a Sopetßeteeg Lines, as the Ends, 
Limits, or Bounds of a Line, are Points confining the Lines 5 
fo are Lines the Limits, Bounds and Ends mb 


cies; As inthe foregoing Figure * ma 


incloſed with four Lines, vis. 


ſee the 


u perficies 
X, XZ, — 


ad Yo 


which are the Extreams or Limits thereof. 


9. Ax plainSuperficies, is thit v which 1 lyeth'e quallybetween 


any Lines like as a Right Line is the 


fa”, extention or 
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ht from one Point to another; ſo a plain Superficics is 


oy 


As in the preceeding Figure WXIZ. 


10. A Figure is that Magnitade compreteade 
Line, or more Lines than one: Under one 


Line is a 


rteſt extention or draught from one Line to > another : 3 


25 one 


Vader more Lines is a Tg Vs base 5 


nem and 0 forth. 
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It; AGrdei is chat Fi miele is com 1 der 
one Line, called the Circumference, as A 53; in the mid- 
dle whereof there is a Point called the Centre, as E; from 
which, to theCircumfercnce, all Lines being drawn arc qual; ; 
As OO TUO THEN EA, EB ECand EDare equal. 


12, The 8 of a . is a Right Line drama 

the Centre thereof, and ending at the Circ nce 

on either fide , dividing th the Circle-into two equal parts: As 

che Line AEC in this Circle is the Diameter thereof, becauſe 

' it paſſtth from the Point A to the Point C, and fo likewiſe 

through * Centre E, and divideth the whole Circle | into 

ewo Was 

e N beth the half thereof; as AE 

| . and EC, the one Term whereof being the Centre, and the 

40D other the Circumference : It ſolloweth by the 11:4 Defini- 

tion hereof, that all Lines drawn from the Centre to the 


TER:  Circumfercnce are — Therefore i is BE and ED like= , © 
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| _ x4. A Semi- circle is a Figure which is contained under the 

Diameter, and under that part of the Cireumference which 

zs cut off by the Diameter, as the Semi- circle ABC, is con- 
tained under the Diameter AC, and alſo under the part of 
Ge Circumference ABC, which is cut off by the Diameter 

15. A Quadrant is the fourth part of a Circle, or is con- 

' tained under two Semi- diameters. and the fourth part of the 
Circumſerence, as in the preceding Circle AEB or BEC. 

16. A Segment of a Circle, is a part of the Circle, contain - 
ed under a Chord-Line, (not being the Diameter) and a part 
of the Circumference, as FBG being the leſſer Segment; 
and the Remainder to the whole Circle being the greater. 
17. A right-lined gas 1 the Inclination, or bowing of 

one Line to another, which being extended, do concur or 
meet in a Point, as in the preceding Circle AEB or AEH, 
Soc. the middle Letter ſignifying always the Angle, as KE. 
18. Ot Right-lined Angles there be three kinds, viz. A 
Right-Angle, an Obtuſe or Blunt- Angle, and an Acute or 


a -—> op | 83 , 5 i 
A Kight-Angle is that, when one Line falling upon 


19 
another maketh the Angles on both ſides equal, then either 
oc thoſe Angles is a Right-Angle: and the Right Line which 
- ſtandeth erected, is called a Perpendicular-Line to that pon 1 
which it ſtandeth. As upon the Right-Line AC, ſuppole 3 
there do ſtand another Line BE, (as in the preceding Circle): © 8 
in ſuch ſort, that it maketh the Angles on cither fide thereof 
equal, namely the e AEB on the one fide, equal to the 
Angle BEC on the other ſide, then are each of thoſe Angles 
Right Angles, and the Line BE, which ſtandeth erected on 
| the Line AC, is a Perpendicular to the faid Line AC. 
20. An Obtuſe-Angle is that which is greater than a 
Right-Angle, as the Angle HEB (in the preceding Circle) 
is greater than the Angle AEB, by the Ae AEH, and 
therefore is an Obtuſe-Anglee. | 
21. An Acute or Sharp-Angh, is that which js leſs than: a 
Right-Angle, as the Angle AEH is an Acute-Angle, becanſe— © 
it is leſs than the Right-Angle AED, by the other Aviites, 
Augle DEH. „„ 
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22 Principles of Geometry. * 


Obe 1, Here you are to obſerve, That the Circumference of ever 
3 Circle doth differ from the Circle, as that which is contained, 
4 Adoth differ from that which containee ng 
| OW; 2. The Circumference of every Circle, is underſtood to be 
ME divided into 360 Parts, called Degrees; and every one of theſe _ 
into 60 other Parts, called Minutes; or into 100 Parts, called 
Centeſms: But the reaſon of this Diviſion may be demanded, 
 wherefore into 360 and into no other Number, did the firſt 
; Artiſts divide every Circumference? I Anſwer, That only 
Magnitude being to be divided into certain parts, the ſame 
. aught to be divided into the leaſt and beſt, for dividing as in 
equal parts: But ſo it was, that no Number ander 360 could 
be had, as being diviſible into more equal parts; and likewiſe 
being a Number not very troubleſome to Memory. There- 
fore not without Cauſe or Reaſon they made choice of that 
Number before any greater or leſſer. 


05 3. From an Arch of the Circumference is taken the Meaſure 


or Quantity of all An les; for the Quaatity of an Angle, is 
> — x oak ee deſcribed from 1 An- 
gular Point, and contained betwixt the two Lines forming 
the Angle. As the Arches FG, DE, AC, deſeribed fromt 
the Angular Point B: So that ſo many Degrees as are co- 
tained in theſe Arches, ſuch is the quantity ot the Angle ABC, 
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„ Principles of Geometr „„ 
- "but I ſay that they are equal according to the number of Parts, 


for there are more Parts in the Arch AC than in FG, al- 
though the quantity of the one be greater than the quantity 


of the other; becauſe all Circles deſcribed from the ſame 


Centre are equal, all being divided into 360 Degrees. 


From hence it follows that every Angle may be meaſured 
by an Arch of a Cirele actually divided; whether it be Semi- 
cirole, Quadrant, or Line of Chords, (the conſtruction of 
which hereafter followeth;) And firſt by a Semi- cirele divided 

into 180 Degrees: Firſt Lay the Centre of the ſame upon the 
Angular Point, and the Diameter upon one of the Lines for- 

ming the Angle, the Degrees contained between theſe two 

Lines upon your Inſtrument is the meaſure of your Angle. 
As in this Example, The Centre of your Semi- circle placed 
upon the Angular Point A, and the Diameter upon AC, the 
Arch contained between AB and AC, ſuch is DE, which 


is the meaſure of the Angle DAE 36 Degrees. 


- 22 . 'The meaſure of any Right-lined Angle, may be had 


— * 
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dy a Line of Chords, which is deſcribed upon a Ruler; 
which Line is ere the Arch of a Cirele; The Projection 


- whereof is as followet 


bs 


Secmi- diameter, as AB, with your Compaſſes; place one toc 


Let there be a Quadrant, or fourth 


of a Circle, as BAC, divided into 90 Degrees; Fieſt, 


three parts, each containing 30 


* 
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Degrees, by taking the 


* P 


F * _ a Hs Y Y 8 * 
9 - * 3 n 4 ks * « 1 * N — 15 
8 a * Ls : Ty "x3; * "+ -v ON IF, I? l W N F as Fs. © Bo 8 
# g * 1 *D 7 \ . g . v7 *3 rt N. 3 8 2 
Bis * 4 ha, 7 75 fo —Y 4 . F V - Y 42 * ; Ws; .. + N £1 3 
2 * 4 2 * g > « 3 5 = * : e a TY £ 8 I 
Ts... N * : « « . 4 5 G , a 8 . 
LY) ; wy 2 WY \ IS gt * N 2 * * N 
JO ED, a - * 8 2 N e EST. ESI 3 
3 5 K C RA 1th MES 4 . 1 oe 2 n * N 
© F 1 N 0 « * 2 "4 — & *. A 8 OE, e Fa 2 * 5 
3 72 - * 4 * 1 x ; . 
* p 1 20 * ” * * * 7 


Principles 7 Geometry. EE 
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a een wideneſs ber the other ood in Py Gt = 
3 the one foot of your Compaſſes in B, the Compacke 
not being altered) and wich the other take the et BG: 
So your Quadrant ſhall be divided into three equal parts, 
vi. 830d , CF 60, and the reſt unto B 90 degrees: 
Everyone of theſe being again ſubdivided into three equal 
8 ſo ſhall you have +. 9 divided into nine 1 
. or 90 degrees, each part eontaining ten degrees: and { o into. 8 4 
| Tall pars cording tothe eg of your Quadrant. 
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oer being n and truly divided: you 
Shall draw a Line Cork ta C, which ſhall be the Chord of 
9o degrees; again you ſhall place the one foot of your Com- 
Paſſes at C, and extend the other to 10 degrees; the ſame ex- 
tention you ſhall lay off from C to D, upon the Line of 
Chords, ſtill keeping the one foot of your Compaſſes at C; 
again extend your Compaſſes to 20 degrees, and 15 them 
from Cto E; and fo accordingly to all the reſt, til You m—_ 
_ finiſhed the divifion of your Line, Which being g performs 
hall ſerve you to meaſure the quantity of all — 
__ Angles, as well as by any eck Arch; being more por 

and 4 more . Gd uſe, than any Circular Inſtrament, - 

| 35 Semicircle ur, Be, as by th following pete 
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Principles of Geometry. 
, q. Limeof Chirde, 

23. Let there be an Angle, as ABC, whoſe quantity is de- 
fired : The ſame is pertormed by a Line of Chords; if you 
place the one foot of your Compailesat the end of your Line, 
and the other upon 60 deg. then the Compaſſes remaining 


at the ſame wideneſs, place the one foot at B, and draw an 
Arch as BE; whoſe wideneſs you thaft take by yout Com- 


$.. 


_ paſſes, and apply the fame to your Scale upon the Line of 
Chords, you {hall have the Quantity of the Angle 36 degrees. . - 
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2 
But if the Angle be Obtuſe or Blunt, as FBC, extend the 


Compaſſes upon your Scale _ degrees, drawing an Arch 
fir 


from the Angular Point; then ſt take off go de from 
your Line of Chords, and plage the ſame from E to G, the 
remainder * token from G to F, the diſtance whereof is 
54 degrees; whith- two Arches- being added together, ſhall 
give the quantity of the Angle FBC, reckoned 144 degrees. 
And thus much for finding quantity of all Right-lined 
Angles, by the Line of upon your Scale, 
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1 | Crometrical „ i 
To divide | a Lise gives int wo equal Parts, 
I : 5 3 þ at OGG. 1 N 1 e a 


e Era the Line 3 be AB; z having 1 ar flor 
Compaſſes at A or B, d the other at pleaſure, 
above the "the half of the Line by and draw two Ar- 
ches theone above tlie Line and the other beneath; then 
the Compaſſes at the ſame wideneſs, place the ono 
foot at the ↄther end of the Line, cutting the former Arehes 
in C and N with the other foot, lay a Ruler at the points C 
and D; and where the ſame doth cut the Line AB, as in E, 
ſo ſhall the Line A be cut into two e ual halves at E, which 
was required; and the Lines CE and ED, ſhall be both per- 
n — 1986 Definition on of this. 
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as Angle being given, to divide the fame . 
5 Ano two halves. 1 1 


Let the Angle be ABC, to be divided into two equal halves: Prob. 2. 
Place the one foot of your Compaſſes at B, and extend the I 
other at your pleaſure to D and E; deſcribe two Arches cut- 
ting each other in the point F: So ſhall you divide the Angle 23 
ABC into two equal halves, if ou draw a Line from B to F, | 9 
with two Angles ABF, and FBC, as equal to the whole I 
Angle ABC, being divided into two halves 1 


my + — 


8 
. 
i 
x 
» 7 
/ — 4 . * 4 4 
2 * 
* 


* jy 3 7 XA . 4 . 
Ara x e * 55 * - 
* «f "LC 
oh 


N 12 a * ? e 
* e ACE AY WEI "IM W nenn ITRY Vo 
8 9 4 " 4 2 * 9 W POR": * 1 9 3 9 Shs * 1 9 * 8 7 N 5 ED g 
- « k RS. 9 x f c 
— T wy. r > 5 * 8% * 4% * 8 * . 
* . « py * 1 1 - ** 4 
* 
N . : * 
- Y 
U . 5 W : p 
* "Y 4 % 
* * N . ; # 9 
0 5 5 1 * 
oy 2 4 * ? 
20 4 5 wg * * 
: ö 5 8 > 4 
* * 3 ©. "I » 1 1 . GE OBE x a * fe 1 4 


From 4 Point, or from the end 0 a Li t 
255 or raiſs Wanna * 


Let there be iven the Line AB, and the Point in 
. 3. e C, from. which a 8 AB, an is to be raiſed. 
ace the one foot of your Compaſſes at C, and with * 

99 8 take at pleaſure ave. the Line, as 1 5 then from, ou 

t D, deſcribe the Arch of a ee cutting 

e AB in F; then lay your Ruler at 2205 88. and ere 

8 gents the Arch as in "Ho a Line from Cie E, which. 
ſhall be perpendicular to AB, from the point C. | 


* ebe ** 1 is raiſed che ſame 
manner of way; placing one foot of your Compaſſes at A, 
extend the other above the Line to the point &; and draw 
from G the Arch IAH, cuttin the Line at H; then laying: 
your Ruler by G and H, and where it cutteth the Arch as in f, 
| from A to I draw a a Lin ſo ſhall Al be a perpendicular from. 
, the cnd of the Line AB, or from the point A. 
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From 4 Pei without a Line, to let fall a Perpendicular 5 
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| © Letthe Line given be AB, and the Point without the ſame Prob. E 
: Draw a Line to AB at Oblique Atigles, as CD; which 
as e you = 
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Prob. 5. 


Line be parallel to the 


Geometrical Problems. © 
you ſhallcut we (bye the firſt Problem) in two halves at E; then 


place theo of your Compaſſes at E, extend the othe; 
unto C, drawing the Arch CF: and where the ſame cuttet 
the Line AB, as in F, from C to F draw a Line, as CF; ſo. 
ſhall CF be a Perpendicular let fall from the Point Gu upon 
re Line AB, as was required. 8 _ 


* 


AU.. being given, to to draw a Porallel 10 the ſons, 808 
244᷑ any Diflaence raquir s. 

Let the Line given be * and the Diſtance ſrom C: Ex- 
tend your Compaſſes 

to the length of C, 
and placing one foot 


u of your Compaſſes in 
1 —D m Polot of the Tits 
Fa | = _ 83 and 
{ob . by the mpaſs of 
D — — — theſe Arches, 2 4 
Gp TW Line as DE.; which 
1 . ſhall be parallel to AB 
3 3 FINER — ÞD required; as CE. BR 


The ſame another way. 


Let the Line given be AB, and the Point at C: From the 
Point C, draw a Fi at pleafure unto AB, which ſhall touch 
in F, which you ſhall — (by the firſt Problem) i into two 
halves at E: take then a Point betwixt F and A at pleaſure, 
which is here G: draw then a right Line from the Point G, 
through E, and ſet the Diſtance DE, e 
draw then a Line 'the Eine AB Point 


aal to the Line EG: 
; ſo ſhall the ſame 


ce AB, 
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Let A and B be two Lines given, and let it be required to rab. 6. 
find a third Line in Same, a them. * . $a 


in 


D to E, and the 


to EF, as GH: So ſhall 


J)) 1 TIO ' 


eBfrom Dt 
then draw EF: that done, by 
p 


F, and alſo from D to G; 
Point G draw a parallel 
be the third proportional N 
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in L: So 


as the 


on the ſame 


to K; then by K draw a Parallel to I. as 
al FL be the fourth Pro 


given, 0 


Let AB and be three Lines 
nd a fourth proportional Line. 
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nds fourth in 
to 3 the 2 of Thyee in Lines. 


given, and it is — 


Finſt 1 laſt Problem) make any An gle at Pleaure, 
EFG; Then take — 
A, and. ſet it from F to H,; . 5 — 


E and draw the Line I: W ee 
i and ſet it upon the Line FG FG, viz, ( | 
e Ren F 


e where the firſt Line A was "x 


the Line B, and ſet it 


KT, to didlo 2 
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Geometrical Problems. 33 


Jo divide a Line given into two Parts, in proportion one 
to the other, according to two Lines given. 


Loet A B be a Line given, to be divided into two ſuch Prob. 8 

Parts that the leſſer may be in proportion to the greater: | 

As the Line C, to the Line D. | 

From the End A draw the Line A E, making the Angle 
BAE; then ſet the Line C from A to F, and the Line D 

from F to E, and draw the Line E B: Laſtly, By the Point F 

draw a Parallel to E B, as F G, to cut A B in G: So ſhall 

AB be divided in G, as C to D, which was required. 


„ 
E | 1 5 
A F. 20. 
F F. 30. 
AG. 16. 
G B. 24. 
20 
” 
30 


4 2 * 
To cut off from a Line given any Part or Parts required. 


Let in the laſt Diagram AB be a Line given, and let it Prob. 9. 

be required to cut off from it 5 parts. 2 | 
Firſt, From the End A, draw the Line A E, making an 

Angle as BA E; then ſet on any five equal parts from 

to E, and alſo two of the ſame parts from A to F: That 

done, draw the Line E B; then by F draw a Parallel there- 

unto, to cut AB in G: So ſhall AG be the 2 parts of 

A B, which was required. 
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Pyob. 10 This Problem differeth not much from the two laſt Pro- 
bleme. Draw a Right Line at pleaſure, as the Line OB, 
vrhich Line you ſhall divide into 100 equal Parts as exactly - 
as you can; then extend your Compaſſes to the Diſtanee OB, 
and deſcribe an Arch; in which Arch you are to include the 
defired Line A ; then draw the Line oC, and you have the 
Angle COB: Which we ſhall hold for a Ground-Rule;z 
becauſe the Legs O B and OC contain each of them 100 or 
1000 Parts, which is in the Line A. | 


— — K * — — * 
G 2 
E. f : 
0 I 13 h _ ; 
| dF F =. | B | 
| For Example. | : 


I would have 35 parts of the Line A, (whoſe whole length 
making 100 parts, as the Line O B doth): I number on the 
Line B 4s arts from O to F; with this diſtance I draw 
the Arch FG; then is the neareſt Diſtance from F to G a 
. Right Line, which is the 35 parts of the Line A. 
To ikewiſe if it were deſired to have 15 parts of the Line A: 
Then draw from O the Arch E D; which Diſtance is the 
deſired 15 parts of the Line A; as the Learned Adriani Meti 
doth teach. And alſo how to find the Parts of a longer 


Line, 
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22 Geometrical Problemm. "8: 1] 
Line, than the Line of Meaſure itſelf is; it is done after the 
| ſame Manner; and is of great Uſe to a Gunner. 
EN PIs Up. Den | 8 
This may be of great Uſe, if the Gunner be to find the 
_ firſt Pound Ball in a ſtrange Place, and the Weight uncqual 
to Ours. ES | | 5 
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1 5 Berween two Lines given, to find a mean Proportion, | 
Let A and B be two Lines given, between the which it Prob. 11 


is required to find a mean Proportion” - 

: Join the Lines A and B ſo together, that they make one 

- Right Line as CD, being joined + args the Point E: 
and upon the Line CD deſcribe the Semi- circle, viz. HKD: 


'Then upon the Point E, where the Lines A and B being 
joined together meet, ere&t a Perpendicular to cut the 
Limb in F, as EF, which ſhall be a mean Proportion be- 
Lines A and B required. | 


tween the 
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The ſame another Way. 


, Again in the ſame Diagram, let the Lines A and G be TE 
iven, between the which it is required to a find a mee 
Proportion, ; F 2 Take 


1 4 8 * 9 + tis y I Ys 
"RE INES TI% = N n " re * : y 6 Wa 
. 6 Bat. ö EEE ö Roads . HDR. 
v3 : I, 1 ? * W 8 * 3 TY 20! 2s 3 has +" O99 9 0 8 
4 * * „ A * * * 1 NN * 
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J -Take'the Line G. and lay it i dan, ain GB.to o D, and {| 
draw CD; whereupon defcribe the Semi-eirele CF D: 
Then take the Line A, and ſet it from D to E; Then u 
| on the Point E, erect a Perpendicular to cut the Limb in 
FP: Laſtly, Draw D F, which thall be à mean Proportion 
between DE and DC, or between the Lines A and G 


required. And if you draw CF, it ſhall be a mean * 
tween B and G, that is, between CE and CD. 


| To divide à Line gwen by Extream and Mean RT 
Prob. 12. Let AB be a Line given to be divided by Extream and 
Mean Proportion. Increaſe A B at length to 5 then u 
the Point A erect a Perpendicular as A D, of the lengt of 
2 B: That done, take half A D, or AB, and ſet it from A 
o E, then with the diſtance E. D make the Arch D G: So 
ſhalt A B be divided by Extream and Mean Proportion in G, 
and A G is the _—_ Segment, and GB the &cller. IE 
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E 8 B 
The ſame another way. 
Let HI be a Line given, to be 
K divided by Extream and Mean 
3 ortion, Upon the End I, 
a Perpendicular, as I K, of 
| the length of half the given Line 
| HI; then draw the ſubtendant 
1 fide HK; That done, ſet K I 
from K to L; again, ſet HL 
from H to M; ſo ſhall HI be divided by Extream and 
Mean Proportion i in M: And H M ſhall be the greater 1 
_ ment, and MI the lefſer, 
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P'S 11 2 I, | | 
5 greater Segment 5 4 — "Pk Jivided by 3 and 
| Mean e to 115 2 whole Line. 


: "ae B 15 the greater Seg ven, and th b [ 
Live i is required. Increaſe BA to ent givin, upon the ws 1 13. 


erect a Perpendicular of half the length of AB, as BD; 43 
and draw the ſubtcadant fide A D; from which ſubtract 4 
DB, reſts AF: That done, fer AF from A to C; fo ſhall | J 
on be the whole Line — I 

C, B | 


To deſcribe a Circle upon any three Points given, 
not being in 4 Right Line. 


Let ABC be three 
P. ints given. Set one 
Foot of the Compaſſes 
in the middle Point at 
B, and open your Com- 
paſſes to any Extention 
that is above one halt 
of the diſtance between 
B, and the fartheſt ofthe 
other two Points, and 
with that diſtance draw 
the blind Arches DE 
and FH: with the ſame 
extent ſet one Foot in C, 
draw the Arch FH: A- 
gain with the ſame ex- 
tent, ſetting one Foot in 5 
the Point A, draw the Arch D E : then pri 4 to the 
I nterſe ction ol theſe — draw the Lines DG and HG; AY 
which _ » 58 


By « Sag Here is to be obſerved, That if any Town, Fort, or Place, be 
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which will croſs each other in the Point G: and there is the 
Centre of the Circle inquired. Where ſetting one Foot of 
oo Compaſſes, and extending the other to any of the three 
oints, you deſcribe the Arch of a Circle, which ſhall paſs 
through the three Points given, and give the whole Circum- 
ference required; which having, you may find the Diameter 
by the 1ath Definition of Chap. 10. of this Book. 


Obſervation. 
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oe 


ment, or a beſieged or blocked up by an Enemy, and the Enemy ſhoots 
piece of « ing continually, there are divers Segments or Pieces of their 
Ball being Ball found in the Place; and it is deſired to know what 


a , Ordnance they do Batter with. The Gunner ſhall take the 


weishe of Segment or Piece of the Ball, and lay it on a Piece of Paper, 
the whole and ſet there down by the Circumterence three Pricks or 
Ball, Points, as ABC in the Figure tollowing, and thereby, and 
by the preceding Problem, ſhall find the Diameter, Centte, 
and Circumference of the Ball, whereby you may know the 
Weight of that Ball, as is deſcribed in page 54. 2 


1 
' 


B 


4 


Hew to reduce a Right Line into the Circumference 


of a Circle. 3 
Prob. 15 The Line given being A B, to be reduced into a Circum- 
| rence. | h 
A—_— —— — —_— . B 


The which Line AB, you ſhall firſt divide into three equal 
Parts, and of thefe three Parts you ſhall make an P 8 


then a Right Line from 


TA « * + 
A * 


Geometriial Problems. - + 39 
Triangle, as CDE; the ig 


half of CD is F, and the 85 
half of the ſide D E is 0 — 


G; and where they cut 
one another, as in H, 
hat 18 — 5 of the 
Triangle Further 
divide DF into Halves 
with the Point I; draw 


the Centre H, to I, which 
ie HK; and divide the 
Line H 1 into four equal | 
Parts, of which you thall E 
add one Part unto HI, Es, + 
which: ſhall be HK, (which is the ſame fourth Part five 
times ſet) ; ſet then one Foot of your Compaſſes in the 
Point H, and the other in the Point K ; and draw with the 
ſame Diſtance a round Circle, whoſe Circumference ſhall 
be equal to the Line given, viz. the Line A B, which was 
required. . | | | 


How to reduce the Circle of a Circumference given, 
imo a Right Line. 


Leet the Circle given 
be A B CD. Divide 
the ſame Circle in 4 
equal Parts with the 
two Diameters B C, 
and D L, which cut 
teth one another at 
Right Angles in A; 
divide A C in the 
middle in E, through 
the which draw DI, 
and from I draw a 
Perpendicular upon 
DL, and divide A B | wh 
in Extream and Mean Proportion at F, (by Problem 12 _ 


Prob. 16. 


_ and Land. 


2 3 
. 1 
1 


40 CSeometrical Problems. 


of this) draw FH, and parallel to the ſame from B draw 
B G, which cutteth the prolonged Line D L in Go is. 

A G a fourth part of the Circumſerence BDCL. * 
The Mean Proportion betwixt DL and AG, the fourth 
Part of the Circumference, giveth the ſide of a Square equal 

to the Circle. 8 "7 LR 
From DE ſubtract the half of A C, there remaineth 
DE, (which is equal to BF) and is the fide of a Decagon / 
inſcribed in the Circle. 53 e 
The Diameter of a Circle being given, to Hol its Proportion 

to the Circumference, or the 7. 

Prob. 17 Whenſoever the Circumference of a Circle is divided into 
The trus 10000 equal parts, then doth the Diameter thereof contain 
e 3183 of the * ſaith Aariani Meti. But Archimedes 
| arr ij ſheweth us the caſicſt and fitteſt for our purpoſe; to wit, That 
of great it the Circumſerence be divided into 22 equal parts; then the 

fe for 


1 


Diameter doth contain ſeven of the like parts; as is demon- 


Humer, ſtrated in this Figure, where you may ſee, that in the Circle 
both zy Sea A B C, the Circumſerence is divided into 22 equal parts, and 
the Diameter A B doth contain ſeven of the ſame parts. 


—_— 


——_—_— 


* 


— Light to the Art of Gunnery. © 
CH Ayr,  _ 


Hi to know the Proportion of a true 
Fortified Iron-Gun. | 


"Fortified Iron Pecce; for a true Fortified Peece of 
of Ordnance being of Iron, hath 11 Diameters of the Bore 
about the Breech, meaſuring at the Touch-hole betwixt the 
Rings AB, which to deſcribe is thus; 


In the Diagram of the 17th Problem, the Diameter being 


divided into 7 equal parts, take with your Compaſſes one 
of the parts, and ſet one foot in the Centre D, and with the 
other draw the Circle EGF, then ſhall the Line EF be the 
Diameter of the Bore of that Peece of Ordnance, and the 
Circle ACB, the Circumterence of the Breech of the ſame 
Peece at the Touch-hole : Whence it followeth that one 22 


pans of a well proportioned Peece of Ordnance made of 


ron, mcaſured about the Breech, is half the Diameter of the 
Bore of the ſame Peece. And thercfore the thickneſs of 
the Metal at the Touch-hole is 1 + Inches, as appeareth 


from G to C. A true Fortified Peece ot Iron Ordnance hath 


11 Diameters of her Bore about the Breech, 9 Diame- 


ters at the Trunions, and 7 Diameters at the Neck, near 


the Muſle. 


Suppoſe a true Fortified Peece of Ordnance of Iron be 


8 Inches Diameter in her Bore, I demand the thickneſs of 


<q at the 'T ouch-hole, at the Trunions, and at the 
eck. WT, | 


Example 1. 
Say, 11 times 8 Inches is 88 Inches. 
: | 6 Then 


\ N the laſt Problem, you have the Proportion of a true 


ar. 


3 r 5 

Subt the Diameter of he 1 half the 

| Rene — 1 of Meral at the Ta 
8 


8 
FM 10 det u 8 
— 5 | Example 2. 5s 
Say, 9 times 8 is 72 | 
| lg 5 2.9 Inches Diameter at 
| OR * e a the Tranious, | 
8 
es: = 


The thickneſs of Metal at the Trunions is 7 4 Inches. 


Example 3. 
Say, 7 times 8 is 56. 
en as TOTO 


17,9 Inches Diameter at 
37g 2 7+? "dn 
= - 3 00 | 
<2; COP om 2 = 


47 Inches, the thickneſs of Metal at the Neck. 


For the Length of the Pecce, if you take 7 Diameters 
at the Touch-hole, and 2 3 of them between the Breech 
and the Trunions, and 4 between the Trunions and the M uſle, 


then ſhe is a true rac F ortified and n Peece of Ord- 
- nance 


nance, ber it 1 of W — Braſs. A Braſs 13 of 
Ordnànce hath 9 Diameters of her Bore about the Breech 
at the Touch- hole, 7 at the Trunions, and 5 at the Muſle, 

and the length 1 in ca to the Iron Vrece of Ordnance. 


Example, ol 8 


1 a Bra ce of Ordnance 1 7 Inches Diameter 
in her Bore, I demand the thickneſs at the et 


7 en, and the Maſſe. 


| Sa time 7 is 63. 
wh * ys 


Inches. - "We | 


3 


Inches, the Diameter 
at the Touch hole. . 


* 137 81s | 5 8 
18 Inches, the thickneſs of the Metal at the 


Touch-Hole. : 
Example a. "ts : ; 
Say, 7 times 7 is 49. | 
ehen * 22 FRY 
22 343 16, 5 Inches, the Diameter 
16- 1 143" | at the Trunions. 
7 "20 


a K 1 F. 


The thickneſs of Metal at the Trunions i is 4 +2 Inches. 


G 2 5 5 Example 


3 * 


. 
* 


* 


* 
- 
* 
* 


5 
8 


— 
* 
X ; * 
8 - 
8 - 
"_—_ 
. — 


the ſame. | 
Lrſt draw the Diameter BA, which divided in two equal 


draw the Circle 1. 2. 3. 4. 5, which here repreſents the 


or DC, in your Compaſſes, ſetting one foot in A, and ſet 


ing one foot in E, draw the Circle, whoſe Diameter is AE): 


—  ' 


A F 2 
£ ** 5 "I GEES > * 
5 : w LE g 
© ” - * — 2 
5 n — 7 *« JE 2 o 1 » i 5 
WH 3 » I * 
1 5 ws 4 * D . 8 
g . „ 4 Re N r 
Fs « * 8 — * * * — 
* * 3 »- \% 
a . + * 0 
1 mes 18 $ 5 7 x ' % . * 
; - 1-20 6, TNT ©: . 
_— ( * ; a N 
3 © We; a t 
» ” * * 
, of 


en, as 22——J—45 R 
i . 1 58 2 8 ” Inc hes. 


Inches. 2215. 145 Inches, Diameter at 
1 1485 1359 25 6 ' the Neck, I 
| . 5 7 * 
* 4 


The thickneſs of Metal at the Neck is 318 Inches. 480 2 


CH AP, XIII. 
How to Extraf the Wind from the Bore of a Peece 
Geometrically, and thereby to know a fit Ball for 


"= 


— 


Parts at C, extend your Compaſſes from C to A, and 


Bore of the Peece, then keeping your Compaſſes at the 
ſame Extention, place one Foot in A, and draw the Arch 
200, the Chord-Line 2K divides the Semidiameter of 
the Bore into two equal parts, then take the diſtance AD 


it from A to 1. 2. 3.4. 5; then extend your Compaſſes from 
A to 5, and draw the Arch 5.0.Q. whereof A is the Centre, 
then divide the diſtance OB into two equal parts, and take 
one of thoſe parts, and ſet upon the Diameter below C in the 
point E, then extend your Compaſſcs from E to A, keep- 


and is a Ball fit for ſuch a Peece as hath for its Diameter 


— 


Ti he ſame by Calculation, 


In the following Diagram AB, the height of the Bore of 
a Peece Wag given, to find the Diameter of the Ball AO. 
Firſt, Take the Semi-Radius AL, and ſet it off in the 
Circumference from A towards B five times, as you ſee here 
marked with 1. 2 3. 4. G: or 1. 2. 3. 4. C; then extend 
your Compaſſes ſrom A to G, and draw the Arch GOQ, ſo 
is AO the Diameter of the Ball, and BO the Wind. __ 
Piru, Conſider that AG or AQ is equal to AO, and A 


3 


call to AL, x" AL briog ie 05 i e 75 
to the Chord Al, withal Condering that the Chord o 
Arch is equal to doublc Mn Sine of Half that + Arch, 


Now then 25000 the half of AL is the Sine AE, which 

in the Table of Natural Sincs, giveth 14* 29', the double 
2 which 8 den 28 88“ for the quantity of the Arch Alz 
which ——— 40 ed or multi plied by 5, giveth 1 
50 tor the * A * AQ. 3 that the Arch GBQ 
A 20'; the Chord AG is ee to twice the Sine of 7 


25, 


| 25; vis. 95327; the double theitof is 1906 fa, which is 
oF the WT of the Ball, in CON 190 - e AB. 
A200, twice the Radius or Diameter. ies 
1 Proportion, as double is to double, ſo is ſingle to ſingle; 
therefore as 190654 is unto the Diameter 200c00o, ſo is the 
half thereof 95327, the Sine of 72 25 unto the Radius: 
I ſay then, if the height of the Bore of any Pecce of Ord- 
nance be divided into 100000 Parts, the Ball for the ſame 
Peece is 95327 of the ſame parts, and the Difference 4673 
pry ſo that the Bore will be 21+ times the height of the 
Winds, | | , : i 


If the Height of the Bore be given, to find the Diameter 
| of the Ball. | 


1. The Proportion is: As the Radius is to the Height of 
the Bore given: So is the Sine of 72* 25 unto the 
Diameter of the Ball required. 


Or, if the Diameter of the Ball be given; to nd the 

| Bore . Say then, 

2. As the Sine of 72? 25, is in Proportion to the Dia- 

meter of the Ball: So is the Radius ta the Height of 
| Example 1. | 

I have an Iron Ball whoſe Diameter is 4 Inches, and 


Weighs 9th Engliſh weight, I defire to know what Height 
the Bore muſt be, which this Ball will fit, the Wind allowed: * 


for. | 
Sine In. Rad. 
As 95327 ä 4 ———= 10,000 - 
coooo 
95327 40000 N, 19 Inches, the Height 
928720 5 4 = 
180920 quired, 
\ 05327 © 
15930 


37987 


bt fo ihe. 


4 Abe, 1 The Height of the Bore of ſuch a i Peece of 
Ordnance, is 4 Inches and. ; Part, „ ] 


:  Egample + 2. 


1 have a Gun whoſe Bore is 6 Inches 8 a 1 
would know what the Diameter of the Ball muſt be that - 
will fit ſuch « Peece, the Wind allowed 225 


„ . 
As 10,0000 6 — — 577 
— n 


b $571 962 


I Anſwer, The 8 of the Ball that will fit ſuch - 
Peece, muſt be 5 Inches and +5 Parts of an In _ 


Another way. 


If the Diameter of the Ball be given, to find the Height 
of the Bore. c at 

Say, as I9 is to 20, o is 4 Inches the lameter of the 
Ball, to the Height of the Bore. 

But if the Height of the Bore be given, to find the 
the Diameter of the Ball. 


Say, as 20 is to 19, ſo is the Height of tht Rows oo 
| Diameter of the Ball. 5 » 0 p 


Example 1. 


A Ball that is 4 Inches De. I demand the Height 
of the Bore, 5 
In. 


As Ir 1 -4 


o 


\ 


52 Inches 


1 An- 


8 . 
1 Aer, 'the Ke of 'the Bee au be: Inches 
e err . . 


Ld I 
: | ; 
f = oO. 
1 *. : * 12 
* * * A — 25 — 
: EE. 2 &. 4 4 1 
* # », >. $4 


The Bore of «Pre i Eos Diameter, the Dame 1: 
of the Ball is roquired. ö 
Say. a. 20 4 ns „ | : 5 


BY: hs 81 ſoc 


: 140 
. = 


100 


14 Kar the.Diameter of the Pall muſt be 5 2 and 2 
3 * 


i 
1 — Sad . r FRY a 5 r » 
— —  —— — 
„ 
p x 


CHAP. xl. 


o prove all ſorts of * ; your Braſs Guns muſt have 
one Diameter of the Bore for the thickneſs ot Metal 
at the Vent, and the Iron Guns maſt have 11 Diameters for 
her Circumterence, (that is to ſay 8 Diameter and + at | 
the Vent. All Guns thus Fortifed will bear their Powder, . 
but if not, yon muſt obſerugtheſc Rules following. „ 
From the Falconet to the Minion the Proportion holds 
as 5 to 4, ſo is the Weight of the Shot for Proof to the 
Powder due for Service. From the Saker to the Demicul- 
ver, the Proportion is as 4 to 3, {> is the Weight of the 
Sher for Proof ta the Pon due for Service, For the 
whole Culverin it holds, as 3 to 2, fo is the Weight of 
the Shot for Proof, to the Ponder dae ſdr. Service, and 772 
Pounder. Now all theſe forts of Guns muft have the : 


Ga. 
* 


Weight of their Shot for Proof, but if Drakes + of the po 
Fowder for * For 1 — che Dermicanon _ 


whole 


#: v1" abt. * 
9 PRA aac ned 4. 


E 1867 to „ 


A 4 bels Calan, fr 58 6 to 4, ſo is the Weight of the Shot | 
=. to the Powder for Proof; and as 4. £0 3, ſd is, the W 
bot the Powder for Proof | to. ; FRE tes t * Service; br 
for Drakes the 3. „ v3 


EN 1. A Minion that is * Inches in * 1 requires a (Shox 
of 3 Inches Diameter; I demand the Weight of the Sh 
the Weight of the Powder for n 18 the Ee 
the Cartridge. 


For the Weight of the STS 64 the Cube of 4 
Inches, is to 9th, So is the be + 3 bebe 27 to its 
"__ 5 1 
8 - F 27 "8s BE | ; 31 ; x 
1 1.0 on... a5 - © 
64 243 40 „ 35 I 
"$1 64 528712 Ounces. | 
1333 , 
2 1 4 J 
Ib. ou. | 5 
12 5 
iS. | 5 9 x 16 _ ; . 
0 bo” 
„ 208 | 
: fg oh N e the Ponder for Serie. 
.To 834 tie Len 0 of the Cartridge wha? times the Cube 


of the Diameter of the Shot add 3 of + the Cube, the Sum 
will be the Drams contained 3 then as the Drams are to the 
Diameter of the Shot, ſo are the Drams contained in the 
| Feder: * en to 'the en ol the N e 


* - * 5 4 F n . 
— * - . 
: . $-4 5 7 ; - 
5 =. _ > * 5 8 
i mY ga 7 8 8 Es * — 
* 8 * 4 - & * * ww 
4 pI 4 &. : 2 . ; 4 2 ; g 2 % 4 5 5 
. 2 #* 3 3 7 - 4 : > . 3 -* » — 4 * 5 : * — 
= ? : . * ts . , W ; % er * d 
4 * K 1 > * - A 5 1 © » Aon af i 5 i 7 
- - * - — * [ 
s - 7 - W 7 * 4 ” 
2 33 . - . 2 53 
% 
- — 
* * 


2. * ug ; 7 
116 L608 10,73 length of \ 
Rt, OOTY, "2 80 the Cartridge | 
| | : 
Fs \ | 


. The weight of the Shot is 31b. 12 ou. the Powder for 


Service is 31b. the Length of the Cartridge 1075 Inches, and 
4 tenth Parts of an Inch. 


1 : ey 
r * 
322. 


A Saker that's 33 Inches in * Bore, requires a ſhot of 31 Pr. oh, 2. 
Inches Diameter; I demand the * of the Shot, the 
E r for Service, and the Length o the Cartridge. 
it. | | „ > : 
_ 4—3—=6: 3 328 „„ 
| N „ oC 175. HT 2 
| 4 Joe -4 : 8 Powder 108 ” WES. 
f IN = „„ | ne 
. 4 Tig 
ER, ©: 42875 75. | 
1 642 — _ 1 
; GR the Weight-of = 
Sp. TIM the Shot. 
| Ha. 


32 


hb 5 x 5 — 


Fa 3 SY 8 : | 
—_ — * f 
Dr. 174 «5 a 
0 | , — 3 
- . 9 — 4 


N * 
* 5 


C 
„M 
5] 2 *276 5 


115 ö Inches 


_ 


*% 


* 


D 


Prob. 3. A 12 Pounder that's 
ro 08-0 of | ; bdemand 


Be _ 30625 
= : 5 13123 


- 
= 
4 — 
* 2 
— 
% 6 
a 
o 
g 1b 
: ; P 
— 
: 11. 7 
* 
* 
5 . 
2 Xx 
4 ; 
N „ f ; | 
* b- f 
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* * ny 
- ſe - * 
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8 2 * 4 by f 
— a 5 
4 - * 8 
% 
- 8 : 
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Ike. Weight of the Shot is ab 

is Alb. 8 ou. the Length of the Cartridge is tt; 
43 Inches in her 
che Weigh OE 


Ek. . C 


1020 


Set vlce 
5s Tactics, 


Bore, requires a 
or, the Powe 


. the Powder for 


- 


- —* = 85 


1 


3—2— 11, 5 
2 lb. p. 
387277 


— 


6 


x 


* 


2 
1.4 8 


; — : 


* 


— 

Y b 

x 
. = 

” 
4 of = 

bY 2 5 1 ©. * 
2 Kos n " 4 2 1 1 ory 4 


82. 


. 


Dmit a Saker that's 
Shot of 4. Inches; 

hot, the Powder for Service 
bath wy : the Weight of the Sboe is 9 


|, 


. 
"Ml 


„ : 
"2 * 
» 5 
% * 
/ | 
{ # 
=> 1 
* 
% 
* — 
IP : 
* 5 
wy. FO 
* 


— —— 


5 


% 


— 


in her Bo 


demand the 


— 


, and the Logo 


Ib. in courle, 


o 


; ＋ F $,— 1 ou. Powder for 


„„ „ 
3% Drams —— 4-375 — 5 Prams 
* N 5 2 
The Weight of the Shot is 1 14h. 12 ou. the Powder for 
Service is 7b. 12 ou. and the Length of the Cartridge is | 
13 Inches. Oo XY | 
— — ́ꝗ INES — — — — „ 
e e ER oo 


e, 
the Prob. 4. 
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4 
- 
- %» 1 0 
Service. 
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5 an 
0 . ; ; — 5 . 1 2 "ED by | 5 5 . c - . | | 
EY X 1 5 25 5 ; 8 5 ; 
„ *, , The Weight of the Shot is vlb. the Powder for Ser 8 
RE and 2 tenth parts of an inen. hes, 


Fo Ord, 5 A Cannon that's 5; Inches in the Bore, requires a Shot 
FF.  - _ that's 5 Inches Diameter; T demand the Weight of the 
- _ _Shot,* the Powder for Service, and the I ' 


o - 
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F 
4 . % 
: * 
— - 
5 
* 
8 5 
* * * 
. 
* 
* * 
8 
- 
: 
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14 | 8 


net Inches, | 
/ 2390 SON 
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1 . — 6 5 - | ; I 

10 ; ö Ds 

= py . » we 1 | 

* 
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' 25 i # 1 0 x : 4 I ; A 


Weight of the Shot is 17%. 9 ou. the Powder for Ser- e 
13 Vice is 11th. 11 eu. the Len of the Cartridge is 1478 * 
©. Inches. All theſe ſorts of Vuns have the W eight & the - 
a Proof Powder, Braſs, or Tron. . Ls | 
FF =" _ A324 Founder that's $553; Inches in p Mres a ö 
b Prob. 6. Shot that's 572. — I demand the 851 
E. - ©. a Shot, 3 5 of the Powder for Proof and A 
1 4 Service, with the I Length of the Cartri St | 
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| The Powder for : The Powder for 
Proof i wk Service is 1216, 
=: 
5 6592 8509 1273 Inches. | 
5 1 N 5 
„„ N 
Ĩ he length of the Cartaidge is 1273 Inches. 
— —— — ——-„— r 
CHAP. XVI. 
1 Peece of Ordnance that's 67155 Inches in the „ 


Bore, requires a Shot that's 5, 183 Inches. This Peece  - 

of Braſs Ordnance ſhould be 9 e der of her- Bore | Ee 
about her Breech at the Touch-hole, but ſhe is but 7 | 
Diameters. I 1 1 the Weight of the + 1 
V 4 A. . 12 \ 


1 2 
+. = 
35 : 
45k 4 
9 I 
* 3 
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4 
: 1 
(= 2 
tr 


ES a ie edh oa e 
JI Ds To 5 r * bn Sb S $ 
ens hy PS Es r * 
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TI'S OW | 


"If 1 Licks 70 2 


| er e is 8 Inches and 83 by 3 : 
ee WES AA 198. F aired = ” 


EE 8 : 9 6 
1 | ot p 
- Et 9 or 13 Ounces, 


a | 795% t p 
* * * 92 | 


The Weight of the Shot is 27 i 1 3 ou. the Powder for 
Proof is 18 tb 9 ou. the Powder for Service is 13 # 14 ou. 
This Powder for Proof and Service, is for the fortified Peece 
of Ordnance, having 9 Diameters of her Bore about the 
Breech at the Tock bote SE | 
© But that ſor 7 Diameters about the Breech at the Touch-. 
| hole requires another Operation. 
Tbe Diameter of the true fortified Wa, is 17,5. Inches at 
the Touch-hole, that of the ubfortified i is 13,6 Inches at the 
\ The be f + the Cube of 13,6 i 
Fe 8 of 17,5 is $359.37, t ube of 13, is 251 
i= he 45; then ſay, as the Cube 5359, 37, is to the Cube 251 515, 
— is the Powder for Service 13 t 140u. for the tortified, : 
= to the Ponder for Service lor the unfortified, 1 
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: 24 Light's fo *Y De 
"The L h of the Cartridge for the fortified "RY is 5 


13 13 deere . wel for the Length of the Cartridge of the 
unfortified, ſa yx, 
As 7 rams are to the Diameter of the Shot, 5,83 In- 


ches; 2 che * bb 8 ou. to the * of the 
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Prob, 8. Soak the Diameter of the Metal of a Wers at the 


Touch-hole be 16 Inches, and the Diameter at the Bore 
5 Inches and a Quarter, the Weight of the Peece 48 50 
Pound : Now ſuch a Peece will require 11 Pound of Po W- 
der for its Loading: But I find the Bore to be an Inch off 
its Place; thence I<coachude the thinneſt Part of the Metal is 
4 Inches and a Half-quarter, and the thickeſt 6 Inches 
and a Halt-quarter, by. which it appears, that one Side is 
2 Inches thicker than the other. Now to find what Quan- 
tity of Powder will bea ſufficient Load for ſuch a Peece, it 
muſt be computed tromyhethinneſt Part of the Metal, which 
is here 4,375 Inches, which doubled is 8,75 Inches, to 
"UT add the — at — Bore $2 $5 Inches, the Sum 
5 el 


is 14,00 Inches, which call the leſſer Diameter, and 16 the 
greater Diameter: And to find the Quantity of Powder, 
ay, as the Cube of the greater Diameter, is to the Cube " 
the leſſer Diameter, ſo is 11 Pound of Powder, to the Pow- 
der to be allowed to the falſe bored Peece. vs 
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The Powder for the unfortified is 7 Foun and unces. 
. 1 . | d d bo 
The Weight of the Shot is 17,5 Found And 3. 
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The oth of the Cartridge for the fortified Peece is 

| 3 3 Inches, and 8 Teaths of an Inch; tor the unfortified is 

. . nches. 

Prob, 9 5 If a Saker whoſe greateſt Thickneſs at the Touch-hole 1 | 
de 1 inches and a half, and weigheth 1900 Pounds. - 
What will the Weight of another Saker be, whoſe 

greateſt I hickneſs at the Touch-hole is 8 Inches and 3 

Quarters? . 
Say, as the Cube of 11 "IM and a half 1520,87. 
Is to the Cube of 8 Inches and 3 Quarters — 

So is 1900 Pound. 
- "0 the Weight required. 


1520, m_ 1900 


1 1 6642928 
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This is, if the two Peeces were of the fame 
both Braſs) but if the Peece whoſe ns. wy ou ſeek had 
been Iron: Then having performed all the former Work, 
as if they had been both Braſs, you muſt work another Pro- 
portion: For, the Proportion of the Weight between Braſs 
and Iron, being as 16 to 18, as 18 the Weight of Braſs is to 
16 the Weight of Iron: So is $37 the Weight of the Peece 
| 5 it had been Braſs, to 744 the Weight thereof, it being 


© "fa 
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1 55 13.392 (744 Pound 
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1 Bore, require 4 Pound of Powder for her Charge, what 
will a Demi-Cannon of 6 Inches and a half Diameter at the 
Bore, require for her Charge? PI 

The Cube of 3 Inches and 3 Quarters is 52,73. 


And the Cube of 6 Inches and a half is 274,62. 


Then ſay, as 52,73 the Cube of 3 Inches and 3 Quarters, 


is to 274,62 the Cube of 6 Inches and a half: So is 4 Pound, 


the Load ſor 3 Inches 3 Quarters, to 20,81 Pound the Load 
for 6 Inches and a Half. You are to note, That the Demi- 
Cannon ſhould be fortified ſo well as the Saker : The Cube 
of the Diameter of the Demi-Cannon is 274,62, of the Saker 


$2373 the Weight of the Saker 1600, what ſhould the 


eight of the Demi- Cannon be? 
N ä 1 Say, 
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4 Light to the . 


Say, as 32,75 the Cube of the Bore of the Saker, i is to 
e 2 the Cube of the Bore of the Demi-Cannon: So is 1600 
ght of the Saker, to 8332 the Weight that ſuch a 
—— ſhould be of, to bear ſucha Charge proportion 
1 ably to the Saker. But ſuppoſe the Demi-Gannon to be no 
= _ then 6000 Weight ; then rot y 6000 by 20,81 the 
1 8 0 1 already caleniated, the Product will be 1245 
3 2 divided by 8332, the Quotient will be 14,983 — i, 
3 14 Pound of Fond and 15 Ounces. 
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Art of Gunnery. 
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5 Ar. XVIII. 


T bath been experimented in the Tower of London, 
that One Pound of Powder will fill 31 Cubical Inches 
And 600 Parts, which is à little above half one-tenth Part 
of an Inch: This being allowed, it will be no hard Matter 
to know what : W. of Powder will fill the Concavity 
of any ne hell, A Cartridge. 


For ps wary | 

As 31 ;ubical Inches, 

Is to G8 Pound of Powder; 

So is any other Number of Cubical Inches, 

To the Number of Pounds of Powder that will fill thoſe 
Inches, whether it be Granado Shell or Cartridge. 


T ſhall give one Example by Arithmatick. 


' Admit the Diameter of the Concavity of a Granado 
Shell be 13 Inches; firſt cube the Diameter, then multiply 


the Cube by 11, and divide the Product by 21, the Q 


tient will be the Cubical Inches contained in that Cavity; 
then divide thoſe Qubical Inches by 31,06, the Quotient 
* be Pounds of LOWE that will All that . , 
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: Ader thut will toad the. „ being 
Length of the Cartridge when filled. ; 
„„ e eee ee Inches, and 3 Tenth Parts 
1 of an Inch, and let the Quantity of Powder be 14, 5, /i. e. 
14 Pound and a Half, and let it be required to how 
high the Cartridge muſt be filled, that it may hold juſt ſo 
F Oo ov CA EST LO 

__ _ . Firſt find the Area of the Circle of the Cartridge; then 
multiply the Square of the Diameter by 11, and divide the 
Product by 14, the Quotient will be ca. 8 
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The Area thus ſound, the Weight of Powder for Load- 
wr 14,5 Pound, and the Number of Cubical Inches in one 
Pound of Powder, vi x. 31. o known: to find how high the 
| Cartridge muſt be filled, "ns oY 0 Þ 
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gra þ enths of Inches in the Diameter of th Cartridgeor Sho 
in the | G SEPT Me Ret 
Diameter | 1 


0 9,889 8, 970 5173 471 6,868 6,330 5 
34.395 4,17,½8639,64103,432 120 
2,4732, 537243 [4,14 10a, 044 1954/1, 8 
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; 7 1,5221, 463 |1,408[r,3 71.308 
1,099] 1,063 1,629 12,996[0,966 0,930 
7 lo,806[0,785 763 lo,74zly3a2 0703)0,685 21667 
. Uſe of ths TABLE . _ 
The Diameter of a Cartridge being given, to find how 
much of that Cartridge one Pound of Powder will fill. 
1 „% ln 
Admit the Diameter of a Cartridge be 5 Inches, how 
much thereof will one pound of Powder fill? | 
Look for 5 Inches in the firſt Column on the Leſt-hand, 
againſt which ftands—1,582, which is one Inch and 582 
thouſand parts of an Inch, and ſo much will one pound of 
Powder fill of that Cartridge or Cylinder. oF 
3 — —̃ä X 7—Ä — — — 
a VT 
1 > +» Example 2. e 
FF the Diameter of « Cartridge, or Cylinder of a Gun, 
be 4 Inches and 3 tenths, thereof will one Pound of 


| Powder fill. Look for 4 Inches in the firſt Column, and for 
3 teaths in che Head of the Table, and againſt 4 and under 


3, you {hall find 2,141, that is 2 Inches and 141 thouſand 


Parts of an Inch, and ſo much will one pound of Powder fill. 
"Roh F. {i | 
The Diameter is 6,3 Inches, the quantity of Powder that 
will Load the Gan, 14,5 pound, being known, to find how 


much of the Cartridge muſt be Kued to hold ſo much | 


Powder. £ 
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Ars of Phd . 

"Lk for 6 nches in the firſt Column, and for 3 in the 
| head of the Table; and againſt 6, and under 3, you ſhall 
find 0,996; that is © Inches, but 996 thouſand parts of an 
7 5 and ſo much will one pound of Powder fill. Now 
if you multiply o, 58 14,5 (the quantity of Powder to 
Load the Gun) the Product will be 14, 44, that is 44 Inches 
| and: 44 ded fag of an Inch, and ſo high muſt the | 
tridge de fille cable to the former Ban. 
aff TT BEET ihe weigh 
. ns thee bf iron, Lead, ot de t 
Stone, from 2 Inches to 


Derbe Diameter. 


this Table may; | 
5 if a Gun ere 
8ſof 5 Inches and a half Dia- 
eter, that ſhot if of Lead, 
ill weigh 35 pound L ray 
f of 4.4 23 pound 6 ou. 
f of Stone $ pound 12 15m 
and a half: Note, the Stone 
here meant is Marble, Peb=- - 
| To! 41® ble, and ſuch like, other 
1. 1 one being more ſoſt and 
12 porous; and conſequently 
ighter. 
Alſo note, that in loading. 1 
your Gun for a ſhot, you are _ - 
: not to give her the. ſame —- 
. ; J. Charge of Powder as for —_ 
1 2 „ 31 18fſone of: Lead or Iron, but 
. 3] 4 oo l 11 10 2 abate according as the pro- 
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45 9 130, 6 portion of Metals are. 
1151 7164. 3 13 The portio of Lead 
257 13438, 9 er A 


912 Ae of q is as 2 to 3, for a 

| Inches iamete: 

1 of Lead wall weigh 13 pound  - 
" zJand a of en a ſhot of 4 


[52 2305, 1.24 [aches of Iron will weigh 9 
Pp. Ea. . 00 222 pound. 8 - 
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If an Iron ſhot of 2 Inches Diameter weigh 1 


and 2 ounces, how much ſhall : a ſhot of 0 "night tha 
_ ts 2 Inches — Y 


. : "x R 8 


7 that 1 6 6a: 21 

of an ou. or 12 drams. 

| 11 4 box of Lead ene: def 3 weigh 

13 pound 8 ounces, what a of Stone 

rome frog * . — 
| wb. o. 

„ 1 n 

8 | 7 will weigh 3 tb. 

* Oh and fix ounces. 
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| e for the Fuſe ae 5 
Take one Found of Gun- powder, four Ounces of Salt- peter, one 
Ounce of Brimftone, all & to Powder, fift them ſeverally 
through a fine Searſe: Theſe Ingredients well mixed together 
: * your- Compoſition fit for Uſe. 

Compoſiti c} cally Hand Granado Shell. Firſt, fill thoſe ſmall 
Stael fine powder, then- make your Fuſes of one Pound 
of Powder, fix Ounces of Salt-peter, and one Ounce of Charcole : 

Or if you would have them of leſs 8 You rung make them 
of the Compoſition. 

Fur Great Granadees. Knock the Fuſe up to the Shoes: within 

Z of an Inch, which is CIT ETECS & ane bo the Night ; ſtop 

well the reſt of the Hole in the Granado (an 3 Flaws if an 

„ with foft Wax, then coat it with Pitch, leaſt it ſhould break 

the Fall; a be ſure, that as ſoon as you haye We the 

Fuſe, you caſt the endo out of "—_ Hand. 75. 
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Art of Gunnery, - 
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The Ancient and Later Rules given for Gunners, 
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to give Powder to great Ordnance of all Sorts, © 
that are drawn on Carriages. 4. 


* 


LES. - 
6 4 ; 
12 Ts Aida 
: * 8 ” 7 ws. » wa 
8 r COSTS 
a= ak r IH * 2 k 

NE es — 
mo 

—_ 8 


— — 
r n 7 l . 7 
4 : - 
"" a > oy 


* Om . wt 8 3 2 2 2 . gt 1 * 0 i * 3 - 
N e * PIO 25 3 * % 2 — 
b 1 f . nod - "5p T Tc 


FN. ancicot Times it is ſaid, that the great Chamber'd- 4ccording = 
es, that ſhot Stone-Ball, had for their Ordinary 0 NY „ 
o Powder to three pound and halt, or at moſt er Times, 
Weight of their Ball. This was certainly the be loading 
tion of Guns; and in regard they could not caſt of Powder. 
ron; they made their Guns, as Coopers do Cask, with 
el Iron and Hoops. Likewiſe, that thoſe Guns that 
ſ\h>tTron-Pall, muſt have to every three pound of Iron-Ball | 
one pound of Powder: And this they held for a general 52 
Rule, not examining the Fortification of their Peeces. | 
Nov at this Time Powder was made of all the three In- 
gredients equal, and there fore could not be ſtrong. But 
alterward it was found, that all Sort of Field-Ordnance, 
not being chamber' d, but true bored, ſhould be loaded in = 
this manner, (to wit) The Gunner ſhall take the Diameter .,, 
of the Ball, or the Diameter of the Bore of the Peece with © © 
a pair of Compaſſes; and this Diameter three times the = 
Gunner muſt ſet off upon his Gun, from the Touch-hole _.. 
toward the Muzzle ; which diſtance being fill'd with Pow= _ 
der, Then, ſaid they, One pound of Powder was allow'd 
to two pound of Ball: This was the Rule ot the primitive 
Gunners, But now in our Time Powder is fo variouſly. 
made, and the Difference is ſuch, that it is hardly poſſible 
to the beſt Judgment, to give a true Rule, what Powder 
is ſufficient either for Proof or Action; and therefore the 
Gunner ought to try his Powder before he load his Peece; 
for it is beyond all queſtion, that it the Powder be decay'd, ' 
there muſt be more of it uſed than of freſh dry Powder; 
but if Powder be of his Maj eſty's Tower-Proof, as I am 
intorm'd, that then the Gunner need not take near ſo much 
Powder to ſhoot among a Party of Men, not being at Aa Mi 
great Diſtance, as the Peece would crave to batter a Forti- .— 
cation, or Wall, or Gate, = Ship. I 


or deduQting from thoſe that are leflen'd of Metal 


of a great Gun at the Siege of Rosburgh, 


* 0h”. 8 
Vn. 


3 
% 
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But becauſe the young Gunner, that is not yet experi- | 
adhice, may be taught how he ſhall load 
all manner oſ Guns; and that it is to be underſtood, that 


mented in his Pr 


ordinarily thoſe that will be called Gunners, though not 
known in the Art, uſe to load their Gans with half the 


weight of the Ball of Powder: This they hold for a ge- 
neral Rule to all Guns; which Rule ts not to be fig 


on ſome Occaſions, with true bored, true fortified C 
to hold this Rule, without adding to reinforced Ondnan 


by this they not having any other Rule, diſcover 


on Nakedneſs, or Emptineſs of Art; for 18 9 1 


that no experienced Gunner but will hold, that the Gunner 


« ought to ſearch, try, and find the Nature and Fortifica- 
tion of a Gun or Guns, before he do hold himſef obliged 


to a a Gun Powder, and thereby to prove a true Charge 
of Powder for the ſame, : 
— * n Rp . IIS — 
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EMH A P. XX. 


The Reaſons why T give Guns Powder according to 


their Fortifications. 


| HESE firſt Rules were derived from the weight 
of Ball; but ſince the Rules were made from the 
weight of the Pecce; for they held generally that four 


ounces of Powder was fufficient for the Gunner to give a 


Braſs Gun, to cvery hundred weight for Service; and three 
ounces to every hundred weight of Iron Guns, Neither 


this nor the other being right, for I have ſeen Trumpet- 


bored Iron Guns of twelve hundred weight, that could not 
have half the allowed Powder that either of theſe Rules did 


allow of. And likewiſe I read the Cauſe of the Death of 


King James the Second of Scotland, was by the breaking 
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For ther and the following Reaſons, I do not hold 


with that common received Rule, than wbich many Gun- 
ners know no better, but to give Ordnance Powder by the 
weight of the Gun. For if there be a Peece of Ordnance 
of Iron weighing ſixteen hundred pound weight, likewiſe 
there is another k eece of the ſame Bore, and of the fame 
weine Now by the Rule of weight it muſt have the like 

- Bart will Fou--confider, ſor your Inſtruction, this Peece Great Can- 
ba ing no more Metal in her than the other, ns to be 
de mult be thinner of Metal; for what ſhe even in 
be Length, ſhe muſt want of her T 
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hath” hickneſs, the {ones 
Hi being both of one Denomination ; and ſince ſhe is ; 
thinnex, it followeth ſhe muſt not have 0 much Powder as 
the other. . "EN | 
Likewiſe, if by the weight of Guns they ſhould have Tha? Gun 
their Powder, why then do not Founders, where they now ugh to be 
make them eight feet long, do not make them ten feet? ee, | 
For it is known to the World, that a Peece of ten feet , , 
long will ſhoot farther than a Peece of eight feet long, Portifica> 
but not without equal Powder: Wherefore it is to be con-tion. * 
ſidered, they muſt be both of one Fortification ; and be- „ 
ing alike in ſtrength, the longeſt of the two ought to ſhoot 
fartheſt, becauſe more of her Powder is ſpent in Fire before 
ſhe deliver her Ball. | 


Dneſtion. 
But ſome may demand what I mean by Fortified Ord- 
nance? | : | — > 1255 
Anſwer. 


For their Fortification, know that there are Ordnance Curiofty is 
of ſeveral Fortifications, as is before . ſhewn in pag. 41.5% # « 
where it is ſufficient to be underſtood ; and therefore I ſet * 
the Tables of their Powder here, by their Proportions and 3 
Shape, and ſhew how to underſtand the Fortifications of perfet. 
Guns, and alſo what Powder ought to be given to Guns 5s 
according to their Fortifications: As firſt you ſee the Geo- 

= 5 e metrical 


metrical Demonſtration of \Archimedes's Pro 
40. how fitly that doth give the true Pro 
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tion in pag 


Bored and true Fortified Iron Ordnance. ' © 

No to be capable of the ſame Proportion*Arithmeti- 
cally, the Proportion is, As 22 the Circumference is unto 
7 the Diameter: So muſt 11 the Number d Times which 
the Diameter of the Bore meaſured about her Breeeh be. 


to a Number ſought for; which by the Wark” T indo is | 
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Cometh 3 and 2 which is equal to 2. 


Rules to find the Thickneſs of a True-Bored Gun 
in one Side Metal, by all the Diameter. 


Whilſt the Bore itſelf is one of the Diameters, that be- 
ing deduced from 3 , reſts 2 2, whereby 1 + is the thick- 
neſs of that Peece in one ſide Metal; and becauſe theſe. be 
the Ordnance of Iron, by which the Ground-Rule may be 
and ordinarily is.laid down, to give Guns their Powder of 
other Fortifications; for you muſt know that there are 
ſome leſſened, as thinner Fortified, and fo cannot have the 
ſame proportion of Powder, though they ſhoot one and 
the ſame Ball: Likewiſe there are reinforced or thicker 
Ordnance at the charged Cylinder, which ſhoot the ſame 


* The true Ball, and muſt have more Powder: So you may ec, that 
Proportion the Iron Peece is 11 Diameters of the Bore: about the 
1 ©, Breech, 9 Diameters at the Trunions, and 7 at the Neck. 
Likewiſe the Braſs Peece is no thicker at the charged 
fel Pesce Cylinder, than the Iron Peece is at the Trunions, yet ſnoots 
 Ordaan'e. the ſame Ball, and muſt have the ſame Powder; her Pro- 
Ct : portion 
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Alt of Gunnery. _ "5 
| Diameters of the Bore about the Breech, 7 
about the Fars, and 5 about the Neck. 
Seeing you have the Proportion of theſe true Fortified 
E Ordnen z now it followeth of Neceſſity that the Powder 
9k all ſuch Ordnance ſhould be known: And as writing at 
_ length would de tedious, therefore I have calculated Ta- 
bes both for Proof and Action, not denominating the 
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. © © Names or Weight of theſe Ordnance. 
” aa thus Sormined with 11 Diameters of the Bore about 


ien Ordnance, ſhooting from ene pound Ball 
eee fame Tables wil ſerve for Braſs Ordnance, be- 
— ng Bortified with 9 Diameters of the Bore about the 
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Rees, by what Name ſoever-you define them, ſhooting £7 
from one pound Ball, to 48-pound Ball. bs 8 


The Weight of the Ball and Fortifeation of Ord- 


nance, are true Rules to give Guns their Powder. 


Hereby it is clear, That we are not to examine the 
Weg of Ordnance, and thereby to | oa them Powder; 
but Inſpection is to be had to the Fortification of ali 
Sorts of Ordnance, as alſo to their weight of Ball: To 

find the Ball fitting a Peece, by extracting the Wind Geo- 

metrically, whereby you may have the true Diameter of 
the Pecce, and by the Diameter you may find the weight 
of the Ball; as ſhall be ſhewn at large. in its Place, in 
Tables, Scale, or Height - Rule, and alſo Arithmetically. 
But in regard there hath never any Pains been taken for 
regulating the true Powder for Ordnance, I have therefore $5 
ſet down theſe Tables 8 for Powder; for ro, 
and Action, of True-Bored and True-Fortified Ordnance. 
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and True Fortified Ordnance, 
|| either of Braſs or Iron, 1 
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In this Table 
weight of Ball, in the firft, third, 
and fifth Columns, and is mark- 
ed with the Letter B; and in 

the ſecond, fourth, and fixth Co- 
lumns, the Powder to p 
theſe Guns, which is marked 
with the Letter P, bein 
Bored and F ortified, 
and Tron 11 Diameters of the 
Bore about the Breech. 
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rove 


True- 
raſs 9, 


11 12 


of Light to 1 


Table fer Proof Powder, 5 True 
Fored ard [ruc-Fortified Ord- 
nun ce, eit ber of Braſs or Iron. 


Table for Wer 75 Me- But 
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In this Table you "Rome the 


weight of Ball, in the firſt, third, 


d fifth Columns marked with 


che Letter B; and in the ſecond, 
fourth, and fixth Columns, be= 


ing 


marked with the Letter P, 


the Powder for Action, for the 
Guns being Fortified, as beſore- 
ſaid, either Braſs or Iron. 


Having 
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. _-- Having ſhewn the Proportion of theſe Ordaance, and 
their due Powder, both for Proof and Action, it is now 
neceſſary to know the Proportion of their Ladles, Ram- 
mers, and Sponge-heads „ | | 
Nit, Know that all True-Fortified Ordnance have not 
one proportion of Powder, as you may ſee by the forego- 
ing ates; neither muſt their Ladles be of equal Length 


of Breadth-according to their Bore. 


e make this the more clear, know that the Powder The Pro- 
eie one proportioned Length in every True- fortion of 
Vàrue-Fortiſied Pecce: For thoſe that ſhoot from 1 „ SIT 
id Ball to eight pound, the Powder lyeth three . 55 
ot the Ball in Length in a Cartridge, made on 
„the Diameter of the Ball. | 
"The Names of theſe Ordnance are theſe ; a Baſe, a Names f . 
Fauconet, a Faucon, a Minton, a Saker, and a Demi-cul- C. 
veripg. 8 A _ 

Likewiſe for theſe Ordnance that ſhoot from eight pound Proportion 
Ball to eighteen pound, the Powder lyeth about two Dia- 7 3 . 
meters and a half long in a Cartridge, made on the Dia- "Guns. | 
meter of the Ball: Their Names are Demi-culvering, Quar- 
ter- Cannon, Culvering, or French Demi- Cannon. | 25 

And for theſe True- Bored, True-Fortified Ordnance, p. portion 

that ſhoot ſrom eighteen pound Ball to ſorty eight pound, of Powder, 
the Powder lyeth two Diameters and a quarter long in a ande. 
Canriige, made on a Mold of the Diameter of the Ball: T Or 


gf 5 he | nance, 


"it 
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ames of theſe Ordnance are Culvering, or French 
Demi-Cannon, Demi-Cannon Ordinary, Demi-CannonRoya!, 
French Cannon, and Cannon-Ordinary ; and other Names 
they have, as Bazalisks, Ge. 5 
Py what is before taught, you may know that the Ladles 
of Ordnance, though of one Fortification, ought not to 
be of one Proportion. 1 9 | 
You muſt make the Ladles for ſmall Ordnance, vis. from Proportios 
one pound to eight, of three Diameters of the Ball in length, Ladles. 
with as much as will nail it on the Ladle-head, and the 
breadth of thoſe Ladles ought to be of 1 5, one Diameter 
and ve, ſixth parts of the Ball: This Ladle nailed on a 
wooden head made of purpoſe, three fills thereof of * 
LS : der 


* * 8 . 
r n 8 
$38: 9 * i 

. & 1 
88 


i r 
der will ſerve for Proof, and two fills of Powder will ſerve 
for Action to theſt Guns, EE 
And the Ladles for True- Bored, True Fortiſied Ord- 
nancc, ſhooting from eight pound Ball eighteen, ought 
to be two Diameters and a half of the Ball Mg, with ag 


much as will nail on the Rammer-head; and the Breadth 


of theſe L adles, one and five ſixth parts of the Diameter 
ol the Ball: Three of theſe Ladles full of Powder will e 


tor Proof, and two full of Powder will ſervetorAdiion. : 


| Alfo thoſe Ladles for True-Boted, True-Fanified Ord- - _ 
nance, that ſhoot from eighteen pound: Ball to fog 
pound, or ſixty- four pound, ought to be two Diamete 


Ball long, and one and five-ſixth parts of the H 
8 Ball broad: Three of theſe Ladles full of e ill 
ſerve for Proof, and two full of Powder will ſerve for Action. 
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A 5S there are True-Bored, True-Fortified Ordnance, 
A both of Braſs and Iron; that is to /ay, 11 Iron and 9 
Braſs, fo there are True-Bored Iron Ordnance of 10 Diame- 


„ 


ters of the Bore in the Breech, and Braſs of 8 Diameters 


of the Bore about the Breech. | 
And becauſe I know that ſome Gunners are not acquaint- 

ed with Arithmetick, (for I have been at Sea with a Gunner 
that could not read) and ſo ſuch Men not being able to 


calculate the Powder of any Guns; therefore, for the pub- 


lick Good of all, I have taken the Pains to calculate Ta- 
bles for their Help: "Theſe Tables ſerve for Iron of 10 
» Diameters of the Breech, and may well ſerve for Braſs of 
8 of the Breech, as the Figures hereby fheweth : For the 
Iron Gun is 10 Diameters of the Bore about the Breech, 

8 I at the Ears, and 6 4+ at the Neck. 
The Braſs Peece is 8 21 Diameters of the Bore about the 


Breech, 6 5+ at the Ears, and 4 +5 at the Muzzle: And 


their Diameters are wrought by the Rule of Archimedes; 
_ that is to ſay, As 22 is to 7, ſo is 10, 8 17, 6-3, or 8 73, 
671412, to their Diameters : As you have it clearly demon. 
ſtrated in its proper place; For by their Fortifications they 
are to have their Powder, as the Tables following ſheweth. 
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This Tablt ſbewatb pro- Poder his Tabla ſpeweth Powder for 
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for Iron Orduance of 10 Dia- Action for Iron Ordnance of 10 
"meters of the Bore, and for Diameters 07 the Bore about 
' Braſs of 8 5} IMameters of the] the Breeeh, and for Braſs of 8 
Bors abcufF the Breech. | Diameters about the Breech. 
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In the laſt preceding Tables, | In the right Hand Table you 
the firſt Table, or the Table next have the Weight of the Ball, in 
your left Hand, ſheweth theſthe firſt, third, and fitth Co- 
Weight of the Ball, in the firit,||lumns, marked with the Letter 
third, and fiith Columns, and is|B; and in the ſecond, fourth, 
marked with the Letter B; in ſand ſixth Colunins, being mark 
the ſecond, fourth, and ſixth Co- ſed with the Letter P, the Pow- 
lumns, you have the Powder toſder for Action for the Guns, be- 
prove theſe Guns, which are ſing Fortified as before-ſaid, ei- 
marked with the Letter P; being |ther of Braſs or Iron. 
True-Bored and Fortified, as| n 
before- ſaid. | M Now 
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Now there are Ordnance of Iron Fortified with 9 Diameters 


hp THis Table is the Proef for Tron This Table is the Powder for Ae- 
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cf the Bore about the Breech, and Braſs of 7 about: And in re- 


gard I have ſeen divers Miſtakes about giving them Powder, 
even of Men profeſſiag great Knowledge without Reaſon : There- 
fore I will here deſcribe theſe Tables following, to give them their 


due Powder, Lower Fortified than 9 of Iron, and 7 of Braſs, ou 
Ordnance being 9 Diameters of the Bore about the Breech, Z 


at the Trunions, and 5 1 at the Muzzle or Neck: The Bras 
Ordnance of 7 Diameters of the Bore at the Breech, 5-4 about 


the Trunior.s, and 411 at the Neck. 


Ordnance of 9 Diameters in tion for Iron o 7 and Braſs of 7 
the Breech, and Braſs of 7. cur 9g of the Bore about ths 
5 . Breech. 
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Now as theſe arg the Tables for True Fortified, and 
fleſſened in Metal, I hold convenient to give Tables for Re- 
inforced Ordnance: Theſe have commonly, being Braſs, 10 
Diameters of the Bore about the Breech, and Iron 12 about 
the Breech. And though to ſome theſe Tables may ſeem 
fooliſh, I have ſeen thoſe who have been eſteemed Able 
Gunners, that knew not how to give ſuch Guns Powder; 
yea, they have in my Preſence wagered, and not one of 
them knew what they wagered concerning two ſuch Guns 
Eins at the Head of Terveer conſer; where amongſt fix How mam 
Gunners one only underſtood to give theſe two Guns their 3 3 
true Powder; as, at the Diſcuſſion, a Gentleman of the Ord- be 
_— to the States did manifeſt in favour of the one cagable. 

I alſo have been in Conteſt with one profeſſing great 
Art, and was a rare Perſon in Art: Yet in the Caſtle of 
Edenburgh, there was a Gally-Gun of Braſs that did ſhoot 
28 pound Ball; and thereby he did conclude that Peece to , Dif 
have 13 or 14 pound of Powder. for Action: In hearing pe was 
this Expreſſion I did laugh: The Gentleman was offended, between a 
and asked if I could teach him, (it was but in Diſdain) ; I generalper- 
anſwered, Sir, if you know not better than you expreſs, I M eines 
am ſure J am able to teach you in this Point: Whereupon 
he went out at the Caſtle-Gate, and was ever mine Enemy 

from that Time forth. And to ſatisfy the Reader, I will 
give the Pimenſions of that Peece : She was but 7 Diame- 
ters of the Bore about the Breech, and 5 about the Muz- 
zle; for ſhe was plain without Rings, except the Baſe and 
Muzzle-Rings, or Corniſh-Rings; ſo that by her Fortifi- 
cation ſhe could ſuffer but 6 pound and 13 ounces of Pow- 
der; and with ſo much J have cauſed her to be diſcharged 
divers Times, and could do Service with this Peece, which 175 
could not be done with a True-Fortified Peece; for with z. , 
this Peece J have ſhot over the Steeple of Edenburgh, and with a lef- 
the Ball hath fallen at the next Lodging where Cromwell ſened Pecce, 
did lie. And this I did for three Times together, till our 2. H # 
Governour diſcharged me to ſhoot any more for troubling 2 © 
his Friend. Thereſore I ſay, An able Man may be miſta- Pee. 
ken of a Gun, when he neither knoweth the Fortification | 
nor Proportion how to 1 to give a Peece Powder. 5 5 
„ 2 | | 0 | 
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So to avoid Trouble to Artiſts for calculating, and to in- 4 
ſtruct thoſe Gunners that are not capable of Calculation !! 
have here ſet down the Demonſtration of theſe Guns of Iron, 
having 12 about the Breech, and Braſs having near 10 Dia- 
meters about the Breech, and are called Reinforc'd Ord- 
nance, The Figures following demonſtrate the true propor-. _|_ 
I tion of theſe Reinforc'dQrdnance, which require more W W. © 
| der than True-Bored, True-Fortified Ordnance, as you mar- |. 
ſiee by the Tables following; which Tables might have been 5 
| firſt of all: But I obſerve that the Ground-Rule muſt be 
put in the firſt Place; and thoſe that do take their Dimen- 

E  *' Hons from it do follow, whether they be Reinforc'd or leſ- 

= _ , * fened of Metal, ſuch as are formerly deſcribed. 1 

Theſe following Tables arc Tables for Reinforc'd Ord- 
nance, which are 1 as have more Strength of Fortifica- 
tion, and are more able to endure firing: Such as be the 
Bazalisk, Serpents, or Slings, Oc. and are good to ſhoot with 
at a great Diſtance. Having, as I ſuppoſe, given a full Ac- 

count of the true Allowance of Powder for all Sorts of True- 
Bored Ordnance, both for Proof ani Action, whether they 
be Braſs or Iron Guns, it followeth, that the Gunner ought 
to know how to go to work with his Peece, when he is to 
apply theſe Tables, by which he is to give fire. 

' TheſeRujes Firſt, He ſhall take a piece of Twine, which is to be well 
are to be waxed, as the Shoemakers do their Thread, that it do not 
eb/erved. ſixetch nor ſhrink ; then meaſure the Peece about at the 

__- _, Touch-hole berwixt the Rings, and taking with a Pair of 
5 Compaſſes the Diameter of the Bote at the Muzzle, meaſure 

the 1 wine how many Diameters.of the Bore is contained a- 
bout the Breech of the Peece; that keep in Memory. Now | 
u are to know what Ball fits that Peece, as is plainly 
ſet down Geometrically ; but may be exactly ſound in 
the Tables of Height and Weight ot Shot, and in the Tables 
ol Diameters of Bores, either Scots or Engliſh, When you 
have found the Diameter of the Ball, if you cannot arithme- 
tically find the Weight by the Diameter of the Ball, then 
you may reſort to the Tables for ſuch Fortifications, and next 
the Weight of Ball you have the Weight of Powder for that 
Peece: But you. muſt be ſure your Pecce muſt be True-Bo-. 
red, as is mentioned in pag. 76; for if the Peece be either 

# . taper'd, chamber'd, or trumpet- bored, theſe Tables will do 

mo Service. i Proof= - 
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True-Bored and Fortified, as 


abo ve- written. 5 
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Fortified, as above-written. 
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CHAP. 


Proof Powder fer Reinforc'd Ord-|| Powder for Action of Reinforced L 
nuance, or Iron Guns of 12 Dia- Ordnance, or Iron Guns of 12 15 
muerers of the Bots about the|| Diameters of the Bore about the 1 
Breech, and Braſs Guns near Breech, aud Braſs near 10 Dia- 5 
10 Diameters, meters about the Breech. þ 
BT TE = EF I EEE. fl 
Thx 2 01/33/28 50 x © 13710 02/3319 04 | 
2 2 og! 5 0534/20 10 2; 1 741 10 053419 14 UF 
4 oi 053631 08 4 : a 103021 orþ 1 
5 6 ob[21118 O2 3732 Ky 3 1521 [2 83721 og. ** 
638 og[22j18 153833 on}; 2| 4 1422 12 153822 [7 
8 9 0112320 093934 2 8 5 882313 883922 10 1 
| 5 G,“ 12/4935 00 6 224% 93 03 * 
| gilt. ob|a ga Cq41135 12 9 6 I 14 oB41/23 12 1 
1012 Q ata 08/100 7 02/abjts 00142124 06 1 
1112 1512723. 0714337 8801107 06271 12. 45124 14 IM. 
as 102824 1244438 517 1528116 344 08 | | 
+= — — — — F . Wi | 
13/14 07955 01,4539 4001308 052916 12/4526 03 WW 
1414 C©71]30120 . coj4640 02[| 14] 8 1920's 04140,26 13 Rr 
1514 103126 1444741 oc|| 15] 0683118 0114925 044 1 FE 
1611 4. 14132127 1004841 12016 9 12132 18 10048 28 144 3 
In this Table you have the In this Table you have the _ 
weight of Ball, in the firſt, third, | weight of Ball, inthe firſt, third, 
and fifth Columns, and is mark= || and fifth Columns, marked with 
ed with the Letter B; and in I the Letter B; and in the ſecond, 
the ſecond, ſourth, and ſixth Co- fourth, and ſixth Columns, you x 
lumns, you have the Powder to||have the Powder for Action, 
prove theſe Guns, which is mark- which is marked with the Let- 
ed with the Letter P, being ter P, being True-Bored and 
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Wen thoſe that cannot find the Weight of the Ball by 


+ CHAP. XXII. —_ 
To find the Weight of an Iron Ball in Engliſh Inches 
T Arithmetick, I will here ſhew them a Rule, and alſo 
Tables, Which I have calculated as well Decimally, as in 


Arithmetically for Scots Weight. 
Pounds, Ounces, and Drams, from cight parts to cight of 


an Inch of the Diameter of a Ball, unto ten Inches Diame- 


ter, both in Scots and Engliſh Weight, and alſo in Scots 


and Engliſh Inches, for the Artificial Gunner's more Eaſe, 


; It falls: out many times that the Gunner cannot find 
Weights and Scales to weigh his Shot; it is therefore ne- 
ceſſary the Gunner ſhould know how to find the Weight 


of his Shot Arithmetically ; as thus, If you defire to know 
2 


the Weight of a Ball, whoſe Diameter is juſt Inches, with- 
out any Fradtion or parts of an Inch, then you are to mul- 
'tiply the Diameter cubically ; then double that Product, 
and divide the Total by 16, you have in the Quotient the 
Pounds that the Ball weigheth ; and what Remainder you 
have over, you ſhall know that Remainder is Ounces. 


Example. | 
There is a Ball of 4 Inches Diameter given, to find his 


'Weight : The Cube of 4 is 64, which being doubled mak- 
eth 125; this 128 being divided by 16, (the Ounces in a 


Pound) the Quotient Po 8, which is eight pound of 


Scots Weight which that Ball doth weigh. 
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Ari of Gunnery. 
B Behold the Work, 
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Ball. 


And becauſe every Gunner hath not his Arithmetick at 
his ow Ends, and alſo to eaſe the Artificial Gunner, I 


have ta 


both of Scots and Engliſh Weight and Meaſure, Sc. as 


before-ſaid. I do not take them on truſt as others do, but 
have calculated them myſelf from the Ground Rules, and 
have given Credit ta none, becauſe L never found any yet 


truly let forth, 
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Tables for Iron Ball, whoſe Diameters being meaſartd with Engliſh 


Inches, are exa#ly calculated for Scots Weight, fram Eight Part, 
10 Eight Parts of Engliſ Inches, unto Ten Inch 
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In this Table po have cight Columns; in the firſt, third, 

fifth, and ſeventh Columns, there are the Inches, and cight 

Parts of Inches that the Diameter of the Ball doth contain, and 

are marked with the Letter B: And in the ſecond, fourth, fixth, 
and eighth Columns, you have the Weight of theſe Diameters 

ol Iron Ball in Scots Weight; under Li. you have Pounds, and 
under Parts you have the Decimal Parts ot Pounds. 
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In this Table you have fix Columns zin the firſt, 
Columns, there are the Inches, and eight parts of Inches, that the Di- 
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third, and fifth - 


ameter of the Ball doth contain, and are marked with the Letter 


B; and in the ſecond, fourth 
Weight of theſe Diameters 
Li. you have Pounds, under Ou. Ounces, and under 
Ahe * 
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In this Table you have eight Columns; in the firſt, third, fifth, 
and ſeventh Columns, are the Inches and eight parts of Inehes that 
the Diameter of the Ball doth contain, and are marked with the 
Letter B; and in the ſecond, fourth, ſixth, and eighth Columns, 
ou have the Weight of theſe Diameters of Iron Ball in Englith 
eight; under Li. you have Pounds, and under Parts, you have 
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Im this Table you have fix Columns, in the firſt, third, and fifth 
Columns, there are the Inches and eight parts of Inches, that the 
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In this Table you have eight Columns; in the firſt, third, 
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In this Table you have ſix Columns, in the firſt, third, and fifth 
Columns, there are the Inches and eight parts of Inches, that the 
Diameter of the Ball doth contain, and are marked with the Letter 

B; and in the ſecond, fourth, and ſixth Columns, you have the 

| Weight of __ ener = Ball in r er war ny ; under 

Li. you have Pounds, under Ou. Ounces, and under Dr Drams. 
Li Y + 3 TY Q 43: FPS ; 125 | CH AP. 


— 


=. 


a. 8 , 8 # a 9 
N n , & 55 
yt i . ** „ > OI cw; i. + 
» 35 4 5 
\ o \ 5 8 


ow ꝗ— 3; 
Ra Lobo ou I i a At Ad nt Ren Hs TR "ATION * 8 vas. . 
F e * N o r Bn es + 6.4. 4.5 R ; 
5 za © of 0 * A 8 >. * * 8 $3 IX ata * 888 1 24 FN 4 
. * . 8 % « IE $3 1 . 22 ein a 3 3 + 
* * * 4 * & e n * WO 7 is . 2 
« AED 8 . a N * 5 2B 4. Ke N \ 
. & 2 9 r . 3 * 30 EE 2 89 
Py * "8 Wer 1 
* * 1 
as * 1 F 3 ; . 
- = L 5 1 
0 : 8 » * 
« : F » 4 * at 4* ; C A 
. . , Ry N 4 1 * 
* F 5 1 * 8 
LO N , & 
4 * od : * 
. 4 . - © * 
3 * by * 
* . » 
3 4 
- 
l f 1 * 3 
4s FR —_ > : A * 45 5 8 F 
p 3 4 & : 4 1 X \ Q LO 35 . Fo 
> Fs _ % : n 4, > E * * * 2 - 
— $ * ; % 
" | : . 
: * b Sy 


. : = 1 A P. xX. | 7 : e — 
2 Th 2 of the preceding Tables. N 


F ths Diameter of an Iron Ball be ad with Scots 


Inches, I would know what the * Ball weigern! in 
gliſh 1 hl 55 e e 


Uſe of the | 
Tables of 
Iron Ball, 


meaſured _ 
with Scots | | Example, © 


" _ There is an Iron Bal, whoſe 88 "I 5 Scots 1. 

* 0 demand what the fame Ball weighs in Engliſh 
eight. 

Lock in the Table in pag. 98. under B in the fiſth Co- 

lumn, where you find 5 + N and right againſt it, in 


- the fixth Column, you have 17 d and 2888 pune 
_ which is the juſt weight of the ſame Ball. 1 x 


Or otherwiſe, Look in the Table in hag, 99. under B, in 
the third Column, where you find 5 Inches, and 55 
; it, in the fourth Colom, you have 17 . 


oy me 14 drams, which is alſo the juſt Weight « 


TV. If the Diameter of an Tron Ball be meaſured VOY 
E Inches, I deſire to know what the _ Ball weigh- 


IS einen Weight. 


4 * : 3 
"> * 8 n - 
7 — & 4 
- 
, 4 * 
Ms * 
* 2 2 
* 1 — 
2 
” = - - 


There f is an 1 Bait eb 3 is 62 Wan 


= I demand what doth. the ſame Ball weigh in Scots 
eight. 


Look in the Table in pag. 9 under B, in che fifth Co- 
: 13 any where you find 6 4 Inches; and ri She againſt it, in 
the 1 Column, you have 20 pound E parts of a 


r ene, 5 » Which is the juſt Weight « of the fame Ball in _ 
eight. 7385 


9 otherwiſe, Lock in the Table in . . ander B, 
in the third ok, where you find 65 Inches; and right 
e it, in the fourth Column, you have 20 pounds and 


f T3 
- * * 
a 8 i 
— * 
* y * 
9 % N 
$i 
” * po 


: 


LY 


: 2 8 


'15 ounces, which i is alſo. the 
Scots Weight. And this 1 


ot 


uſt weight of the ſame Ball i in 
ill affure you to 


cauſe I have calculated all theſe Tables with my own hand, 


and they are ſince reviſed and truly done, by the laborious 
Ny Fam of Mr e N s 1 ; 


7 er. | 


24 Pounders — 
12 Pounder 
8 Pounders 
6 Pounders =—— 
0 3 Pounders N IK 


anten of =] | 


| Demy Cannon 


De Culver ing 
Sal ay 


6 


ker * 9 . 9 
1 ; 


Falcon 
| 24 Pounders 
12 Pounder 


403 — —— 


6 Pounder 


| Culyering . — 


{ Minion — 


8 Pounder 


\ 3 Founder?! 


*% 


* 


„ q 


„ * 


0 3 #7 
L "RS * 
. a 
or 
Ll 


be truth, be- — 


An ede of "EET IEA 9 pony Shot, Bt 
all Stores allowed on Board Majefty's Ships of all 
W in 125 Mar, according to the Cuſtom of the 2 Wer. 
„„ 24 | 3d J 4h | 5thy W 
| Names of TM: | | Mate Rate Kate Rate 

Y | Cannon of 7 TT OE ny: 

2 | Demy Cannon — MACE 4 Kon 

© Culvering — : 30 Fo 5 4 

= | Demy Culvering —; | 4 n I 

F Saler. x!ñũ 122 4 

9 f — 1 

* + aleon — — JS: ES 


ta Pounder —— 
8 Pounders mo——— 


Fr {Cannon bf 9 mewn 


Natres of Stores. 
INNON Of 7 


. 


Demy Culyering — 
er — 
Minion — 
Falcon 
24 Pounders — 


— 


6 Founder 
25 Pounders — 


N 


* 


enn. 


Demy Cannon — 


+ Minion —— 
ö 24 Pounders — 
-A.TS 


18 


1 - 
oy 
120 jy 
9 
8 
* 
* 
* „ 
* 
* 


- Saker 


wer ab. 


141. 7 7 — 


Demy Cannon 


6 | Demy Caivering = — 
, Saker 


6— — 8 


7T 2 


95 Mi nion! 


[- 
2 


? 3 Founder 


* Ladle TIO : 


Cannon of 7 — 
Demy Cannon 
Culvering — 

Demy Culyering — 


Minion 1 ——— 
24 Founder L 
12 Pounders ——— 

3 Pounders == 
Funnils of 8 
Powder in Barrels 
Match, Hund. wt. 


Snaphanſex⁊ök⸗⸗- 


Blunderbuſſe w———— 
Muſquetoons 
Piſtols, Pair 


— 


— ts. 20 


_ Cartouch Boxes 
5 — Rods — 


Long Pike 
Short Pike. 


FA 
— 


ills « 8 8 | 
Hatchet — 


— 


Bandaleers, Collars — 


b 


] 24 Pounders —m— 
12 Pounder F 


I is. 
| Rate 
[ws P 


__ 


2d 


w 3 Ker | pairs Fed, 


x * - . = 
- * 77 
9 f- — 7 
58 4 


— X— 


| Hangers — 
. Muſquet _— Hun. wt. 
Piſtol Shot, Hund. wt. 


Sheet Lead, Hund. wt. 4 
Aprons of Lead 


Crows of Iron 


Tackle Hooks, pairs — | 


Ladles Hooks, pairs 


Linch- pins, 5alts— 
an Hooks — 


Sledg ES m — 
8 melting Ladles 


Small 13 1200 — — 


Trucks * * 
Ditto Extraordin. pairs 


2 ampeons, Great LTD? 
Ditto Smay — 


| 3000 


OILY W >” 
* J 3 N 
1 % 


— 


325 Hg 
500 300 
500 400 
400 400 
ooo 1500 
2500 
1000 


-[ 2500" 2000 


by 
* p 


_ 


* % 
— 
8 


; ; 


7 - * 1 1 a R * * 8 4 88 N 
* 8 n W r 2 A DG od 3 bn SD. * * - N 3 — © TV EEC 9 * * , "3 4 * = * N | 
* 5 N 4 - N A . - F (8 ? 3 ? LE Syn; W n N cio SAD 

t * W = - 1 3 N . * 9 8 * 

a : . , . 3,4 2 0 * * oy : 

” C $54 $I 3 
* 8 A 
| Li of 
1 1 
- 
* 
* 
- 


1-200 : 
300 


' 
1 , Tv 
7 * 
oa 
* © % 
ö 
Fe 


5 
n 
* 6 
— * * 2 TY % 2 
— 3 i 7 
1 n 1 8 % 8 : 
, : ». 
* * * . 
ny 


Rs 3 EW 


Names of Stores, 
 Formers, Small 


* 


Baskets . 
Spare Hoops, pairs 


1 
1 


Budge Barrels 
Tann'd Hide 


Sheep-skins, Dozens 


Canvas, Ell 
Royal Paper; Rheams _ 
Fine Paper, Rheam 

15 Gallons — — 

allow, hundred wt. 
Starch, Pounds 
Needles, Dozens 
Thread, Pounds — 
Lanthorns, ordinary 
Dit. ex. Tin i to each Ship 
Dark —— 
Muſcovia Lights | 
Ditto extraordinary 
Wad Hooks — 
Hand Crow Leaves — 
Rope Sponges 
Powder Horns 
Priming Irons 
Linſtocks 


Inches, Coyle 


2 


g 


8 


24 


7 | 


2d 


Ga AS 


Art of Gunnery. 
Iſt | 
Rate Rate Rate [Rate 
4 


3d 


4th 


8 — 5 
mi wir GO A880 


E 


— 
d O COUS . 


— 


r 
* 


— 
* 


10% 


th | 6th 
Rate Rate 


* 


w - s js 


Breechings 


* 2 9 * 
Ws” 
"PIO 


** 


* 
> 


? 
wy 


* 


Names of Stores. 


A Light 
1iſ | 2d 
| Rate 


* 


Iſt 4 


Bree ching —— 
Tackles ꝓ— — 
Port Tackles, Coyle — 
Junk for Wads, Hd. wt. 


5 * 


[Cannon 5 — 


10 


2. 


1 


_Culvering —— 


— 

| Minion —— 

24 Pounders —— 

12 Pounders —— 
3 Pounders 


* 


uduioirꝗ 30 oo dp 


1 


Smiths Vices — — 
Putty and Emery, pounds 


| Demy Cannon — £ 


Files of Sorts, Dozens — | 


720 


TOY OP ©» "WY »*% xk 
I ts a * 


'00 
180 
62 


50 


to the 


0 


* 
% 


3d 


% 
= 


_— 
5 RF ; On. FT 41 
N * 2 5 4 * * . $3 in . mM 
e | eee 9 — N AE" 
8 G r oh 
a. Fn 5 N . 
S 4 
* 


80 


1 


N 
7 * 
* 8 1 _ SEE 8 3 1 8 4 * 1 
> 
bas — 
. pu k 
* y . 
* 
* 
Pg 
* 
, a 
\ 
- 
— 


WO CH AP. XXIV. 
The Order and Neceſſaries for Guns to March by 


"IF" 34x" hf 
a 1 —_ — , PE” 
"= "EL - * © 
n 828 
9 4 5 
* : * 


„ f — ; 
Art of Gunnery. 


9 9 
. 


2 * »ü * * TIO » * IO 9 


Land, they having ſix Demi-Cannons, ſix Sakers, 
or Demi. Culverings, with two Whole - Cannans, 
| beſides their Field-Ordnance. 


- TD Efore the Train doth march, there goeth out Pioneers, 
N each of which is furniſhed with either a Shovel, Scoop, 

Pickax, Crow or Handſpike; having for their Commanders, 
a Captain, Lieutenant, and two Corporals, with a Drum to 
every Company ; who are to make plain' the Way for the 
Cannon. 85 | 

After them, Firff, Follow the fix Sakers, or Demi-cul- 
verings, drawn with their reſpective Horſes, with their 
Proviſion of Ball in Waggons, and their Powder in Wag- 
gons, beſides there muſt be at the Rear of the Cannon, if 
any whelm, help ſufficient to mount them again. 

| Next follow them fix Denti- Cannon, with their Shot and 
Powder conform; then two whole Cannon, with their Po-] - 
der and Ball accordingly. „ 

Then the Carriage ot Ladles, Sponges, and Rammers, 

Match, Crows and Handſpikes, and Bad ge- Barrels: Theſe, 
befides the Field-Peeces tor the reſpective Regiments, take 
a great many Horſes, Waggons, and Men for their At- 

Now when the-Cannons are on their March, every Gun» 
ner to his reſpective Place, muſt march at the he fide of 
his Peece, and by them their Harbingers, who take No- 
tice of all the Ropes, and other Proviſions for Draught, 
and help them it defective; and alſo to ſee that the Axtrees 
be well ſoaped or tallow'd, that thereby the Train may 
march without Stop. The Waggon-Maſter muſt have 
pare-Horſes by his Draught, if any fail either in Wag- 
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gons, or in Draughts of the Ordnance. |. 1 
e 1 7, Several 
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Several have given Rules for ſo many Horſes to a Peeee 


for his part, (but on a plain Way); therefore for ordina 7 


[ 


t cvery Man may do his Endeavour, you are to 


beſore on the Hacks one Rope, and on the mid- 
Bolt or Breſt-band one: And upon every Rope 

many Ropes ſo made faſt, as every Man may 
2 Foot diſtance one from another; ſo that the Draught 


| Ropes for a Demi-culvering muſt be 17 Fathom long : 


Now 


f 


orſes are to be 5 there need no Halt to be 


| hour Popes in this Manner, on cither Side of the 
beſo 
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for the Demi-Cannon and Cannon, they may be rec - 
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as 


FF the Figure hereby doth ſne w. SE BT 
a. This will be thought a new Invention, but 1 uſed the 
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— Art of Gunnery. 
-_ —koned by their Proportion; ſo the Men are ſet to work as 


Tame in my Lord Middleton's Service from Aberdeen to 

. #Hyvie, where I cauſed them to make theſe Sled-feet, as you 
 . ſee faſt to the Carriage, in this Manner: Near to the Breech 
pf the Peece there is a Bolt, whereon the end of the Sled- foot 


is; and under it, at the Foot- end of the Carriage, a Square- 
hack to lay over the Sled - foot, and then a Rope through the 


Sled-feot: And a Man or two thereby ſhall ſteer a Gui by 
a Height or Hole, in the Way where ſhe is to be drawn, 
ſo that many times it faves the Guns from falling over. 

And when you ate to meet your Enemy, or make uſe of 
| Your Guns, you may lift up your Sled-feet, and lay them all 


ang the Side of the CATER in Manner as you ſee; ona 
6 


Hack where they do not trouble, and unhacking the Ropes 
from the Hacks before, you may uſe your Guns at Pleaſure, 
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CHAP. XXV. 


By knowing the Weight of one Peece of Ordnance : 
e 


True-bored, to find the Weight of another True- bo- 
red Peece, being of the ſanie Metal. | 


Ecauſe it falleth out ſometimes, that in a Fort or Ship 
are Guns, not having their Weight deſcribed upon 

- them, therefore, in ſuch Occafions, not to. let the Gunner 
be to ſeek, but that he may. give her Weight without great 


Trouble, I ſhall here ſet down ſome Examples, whereby 
the Gunner may with Eaſe find the Weight of any great 


Ordnance, whereby he may be able to ſhew, what Store of 
Horſes or Men are competent to draw thele Ordyance, if 


Occaſion require. 5 3 
Theſe Examples and Rules I intended to have given by a 


Gauge-Rule; and becauſe theſe Ways are more eaſy to do, 


and quicker diſpatched, I 2 only take by the Way to let 
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ing 1900 lb. weight; and as it is given out in other. | WP 
ſtions; ſhe is 3+ Inches in the Diameter of the Bore; NM 
it is commonly found, theſe Guns àte about the Breech, 
meaſuring at the T ouch-hole, ꝙ Diameters of the Bore; IT _ 
ſay then, if I bring 3 + Inches all into Quarters, then I have 
15 Quarters; with which I multiply the g Diameters of her 
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yy * 


i N 
you know, that I will admit there is a Braſs Salter, W 


Breech, and I find them 135 Quarters; which dividing, by 
4, I bring again to whole Inches, and fi 

will here call 34 Inches, for the Circumterence of her Breech: 

gen I ſay by the Rule of Three, As 22 is to 7, ſo is 34 to 

10 17 Inches. 3 5 k 5 

. The Work. 
wet „ 238/101 ir Inehes. 
— 2 22 „ 
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TDpis 10 of Inches is the Diameter of that Saker; if 

he be Prue- bored ſhe is True- fortified: And ſuch are the 

only Guns to make choice of, for finding by their Weight 
the Weight of any other Braſs Peece: 1 


herefore, I ſay, 


- IF a Gan of 11 Inches Diameter at the Chamber weighs 
1900 lb. What ſhall a Peece of 18 Inches Diameter weigh ?. 


Thus by the Table of Logarithms. 


- 


The Logarithm of the greater, 18 Inches, is —1,2 55272 
Difference increaſing —— 213879 


: * 
2— * — — — 


The Triple whereof is 641637 
The Weight of the known Peece is 1900 lb. — 3, 278754 
Sum is — 25 ——<———_ BIOS 
hich is the Logarithm of 8325 1b, for the Weight of the 
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nd 33 2, which we 


The Logarithm of 11 Inches, is 1,041393 
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> *Logarithme, and the W a 5 of the Peece is found to be 
dine Now to find the ſame by the Line of Numbers on 
tie Scale, you are to place one Foot of your Compaſſes in 
fame Extent, ſet one Foot in 1900, and then triple turning 
3 the Compaſſes, the laſt Foot will touch at 8323, as before. 
2 © 1 | | Another Example. 0 5 
Alſo there is a Peece, I know not what her Weight ig; 
but T find the Diameter of this Peece to be 8 * Inches ; ang 


I place the Work to find her Weight as deſore. 
T 1 
The Diameter of the known Peece is 11 Inches — 1,041303 
The Logarithm of the Diameter of the other 84- 0,942008; : 
Diflerence decreafing - , 0 


% 


- Triple of.the Difference is — — 758775 5 
vhich ſubſtracted from the Logarithm of 1900 —3, 278734 
; Reſts * ; mw_ = 2, 980599 

which is the Logarithm ot 956 3 1b. for the Weight of the + 
leſſer Peece, which was required, © 5 
The Weight thus ſound by n you will fiad i 
the like by the Line of Numbers, if you extend your Com- _ 
paſſes from 11, the known Diameter, to 84, the Diameter 1 
of the Peece Whoſe Weight you would have; the ſame Ex- 
935 three times from 1900 down the Scale, will reach to 
This former Work you may find on the Line of Numbers, 
if you place one Foot in , the Diameter of the Bore that 
begirts the Peece at the TJouch- hole, and the other Foot in 
7, which is moſt near the Diameter that begirts the other = 
Pecce, and the Compaſſes at the ſame Extent, place one 1 
Foot in 1gco, the Weight of the known Pecce, and three 5 
times turned downward, will light on 9563, as bee. 
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Oradnance. 


By knowing the Weight of one Peece of Iron 0 
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nance, to find the Weight of another Peece of 


. = Co 
ppoſe an Iron Saker of 3+ Inches Diameter of the Bore, . 
this Peece weigheth 1600 ID. I find all ſuch Peeces to 
have 11 Diameters of the Bore about the Breech; for which 
Cauſe I work as before, and bring 3 + into Quarters, which 
I multiply by 11, the Diameters of the Bore about the 
-  - Breech, and I find 165, which I divide by 4, to bring 
again into Inches, and the Quotient is 41: Then I ſay, by 
as Rule of Archimedes, As 22 is to 7, ſo is 41 to 13.4 
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5 The Fraction is ſo ſmall not to be valued. 


So that I find 13 Inches to be the Diameter of an Iron 
Saker, whoſe Weight is 1600 lb. and that the ſame is a 

rue- bored, True-Fortified Peece : Now there is an Iron 
Peece whoſe Weight I know not, but I find the Diameter 
of that Peece at the 'Touch-hole, or charged Cylinder, to 
be 21 Inches. . 2 e 


Io find the Weight of this Peece Logarithmically. 
i | Example. 1285 
I fay, a Peece of Ordnance of Iron, of 13 Inches Dia- 
meter, weighing 1600 lb. What ſhall an Iron Pecce of 21 
Inches Diameter weigh? - | „ 
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of the Difference is 
the known Peece 1600, is 


ROD * : i 1 N F » , 25 7 * 7 * 5 © 8 2 


x 
WT * : 
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| Which is the Logarithm of 6744 th. for the Weight of Be 


1f you will work by the Line of Numbers on the Scale, “ 


you will find it near the ſame; for if you place one Foot of  __ 
| 3 in 13 Inches the Diameter of the knowunn 
FPeece, and the other in 21 Inches the Diameter of the 
Peece whoſe Weight you deſire to know ; keeping our 
Compaſſes at the ſame Extent, ſet one Fot in 1600, ee 
times up the Scale, and you will find rhe-ehisd Krtent Il! 
reach 6744, which is the Weight of the Peece required ?: 
Ld pO EK ; 5 ; N 1 
I ̃ bere is alſo a Peece of Iron Ordnance, whoſe Diametr 
J find in the charged Cylinder to be 8 4 Inches; the Que=+ == 
ſion is, to find her Weight — ' © . ned 


* ? . 


* = 


: Tha Log. of the known Peece, 13 Inches, is — 1,113943 
The Log. of the other Peece, 8 4 Inches, is — 07916454 
Difference decreafing 5, 97489 


EY 
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Triple of the Difference is — 227 N 
Which ſubtracted. from the Log. of 1600 —— * 
1 Reſts . — .. — 0. 


' Which is the Logarithm of 409 lb. for the Weight of te 
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2 Ln the rt of Gunnery. 9 


3 Finding here the Weight of this Peece to be 409 65, vun 
ieee it followeth, that gteat or {mall Ordnance their Wei gat + Woo 
_ way be tound; yet for | a we will have another Exai nple; 
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- = 1 will admit there is a Pecce found, whoſe: Diameter is is 
1:0 Inches; and the Weight of this Peece 1 Fe. 


= | The Log. of the known Parka, 1K: Inches, | 
_ E * e of the other Peece, 10 3 Inches, i is 
=. CS. - 
W_ . le of the Difference 1s 8, 8262 
* - Which Rees eee from the = of 1600-—43,204119 
= Refts — —ů ,; 
1 Which i is the "FE of $843 th. for the Weight of the þ 
Peeecce inquired. 9 3 
_— This and the ſormer is found on the Line of Numbers, | 
it Jou extend your Compaſſes from 13 to 81; and with the 
"MF - tree times 3 Scale, you have 
3 — 2 td. If you extend from 13 to 10 2, and with the ſame 
1 5 Extent from 1600, three times turned down finds 843 th. 
for the Weight of the Peece inquired. And ſo much for 
1 N * the finding t Weight of Ordnance, thereby to provide what | | 
Horſes, hed, or Men arc able to draw them, As the Fi- | 
5. gure here demonſtrates. = | -— 
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